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OSTEOCHONDRITIS DISSECANS 

A RESUME OF THE TFIEORIES OF ETIOLOGY AND THE CONSIDERA- 
TION OF HEREDITY AS AN ETIOLOGIC FACTOR * 

GEORGE WAGONER, M.D. 

AND 

BERNARD N. E. COHN, A.B. 

PHILADELPHIA 

Osteochondritis dissecans is a noninfectious process involving the 
articular cartilage and the subchondral bone of certain long bones of the 
extremities, which, by sequestration from the articular surface, usually 
produces a single foreign body or, more rarely, two, in the contiguous 
joint. This body is originally of an osseocartilaginous composition, but 
its structure subsequently undergoes alteration by the fluids in the joints. 
The mesial half of the articular surface of the internal femoral condyle 
is the site most frequently involved, but the heads of the radius, femur 
and humerus may also be the sites of the process. Osteochondritis dis- 
secans occurs preeminently in youth, and most commonly in the tall, 
rapidly growing boy. 

OTHER TYPES OF BODIES OF THE JOINTS 

Free bodies within the joints are encountered in conditions other 
than osteochondritis dissecans. All such bodies are grouped under the 
common heading of corpora libera articulorum or “joint mice.” 

1. Free bodies of traumatic origin may arise in otherwise normal 
joints. Cartilaginous or bony “mice” occasionally follow severe trauma 
to the bones comprising a joint. Pieces of normal cartilage or bone may 
be torn loose and appear free within the joint. An example is found in 
fractures of the semilunar cartilages. Severe traumas to the joints are 
frequently followed by the periarticular formation of bone. 

2. Free bodies may appear in joints that are the site of arthritis 
deformans. These bodies arise by the traumatic or necrotic freeing of 
articular cartilaginous plaques, hypertrophic bony spurs, bony joint 
papillae, metaplastic cartilage or hypertrophic fibrinous synovial villi. 
These bodies usually are present in large numbers, vary greatly in size 
and frequently present a mulberry-like surface. 

3. The polypoid bodies present in the hypertrophic t 3 ^pe of arthro- 
pathic tabetique (incorrectly known as Charcot’s joint) present the same 

* Submitted for publication, Nov. 5, 1930. 

* From the Department of Pathologry, School of Medicine, and the Department 
of Orthopaedic Surgery, Graduate School of Yledicine, University of Pennsylvania. 
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general etiology noted for free bodies appearing in the joints in arth- 
ritis deformans. 

4. Masses of uric acid salts, usually sodium biurate, of various sizes 
are frequently found free within gouty joints. 

5. Osteomyelitic sequestrums occasionally appear within a joint. 

6. Parts of tumors of the capsule in chondromatosis of a joint some- 
times are found free within the joint. 

7. Fibrous or lipomatous joint papillae (lipoma arborescens) 
occasionally become loosened and form free bodies in the joints. 

8. Parts of hypertrophic synovial villi following a synovitis may be 
severed from their base by trauma or necrosis and appear within the 
joint as free bodies. When these villi or papillae contain cartilaginous 
foci or “rests,” the process becomes known as “synovitis prolifera 
cartilaginea.” 

9. Corpora oryzoidea (rice bodies) arise as a result of tuberculous 
involvement of the structures adjacent to a joint. They are numerous, 
and their structures ai'e those of fibrinoid lamellated masses. 

10. Following hemorrhage into, or inflammation of, a joint, masses 
of fibrin may result and lay free within the joint. 

11. Foreign bodies from external sources may become lodged within 
the joint. 

THEOKIES OF ETIOLOGY 

A careful study of the literature of osteochondritis dissecans dis- 
closes many theories of etiology. This literature is grouped into two 
large divisions : ( 1 ) papers in which trauma is set forth as the chief 
etiologic factor and (2) papers in which factors other than trauma 
are advanced as causative agents. 

The papers emphasizing trauma as the cause of osteochondritis dis- 
secans will be presented first ; the various other theories of etiology will 
then be considered in chronological order. 

The first description of loose bodies in joints was made b)^ Pechlin, 
about 250 years ago. 

Trainna as a Causative Agent in Osteochondritis Dissecans. Monro 
(1726) adr'anced the theory that loose bodies within the joints were of 
traumatic origin. In this belief he was supported by Riemar (1770) 
and by Haller (1776). 

In 1848, Rainey “observed that fragments of cartilage and bone 
detached within the joint by trauma continued to grow and become 
sizable loose bodies,” 

That the production of joint mice arose only through trauma or 
arthritis deformans was contended by Brodhurst, in 1861, an ^as 
upheld by Poncet, in 1881. 



WAGONER-COHN—OS TEOCHONDRITIS DISSECANS 


3 


Kragelund (1884) assumed a trauma of the "bone-cartilage region,” 
followed by the demarcation and separation of a portion of this area 
by a chronic inflammatory process. In 1887, this author, experimenting 
on the knees of cadavers, corroborated the opinion of Paget by finding it 
“impossible to detach a fragment of articular cartilage simply by a blow ; 
an area was loosened in this manner, but in order to separate it, a 
prying force had to be applied.” Burghard (1892) produced a com- 
plete separation of a piece of articular cartilage by an oblique blow on 
the internal condyle when the knee was flexed. 

Conflicting results were obtained by Hildebrand (1896), who found 
it impossible to produce permanent free bodies in the joints of animals 
by the surgical detachment of fragments of either cartilage or cartilage 
and bone. 

Preiser (1898) considered osteochondritis dissecans to be the result 
of static imperfection. Harris (1901) found that “in my subsequent 
study of these cases there is almost no one who reports a case who does 
not reach the conclusion that Konig was wrong.” 

Boerner (1903) insisted “upon a purely mechanical basis” for the 
origin of these bodies. Codman (1903), from experimental work on 
cadavers, concluded that “the life history of the loose cartilage must 
comprise two injuries, one to depress it, and one to free it.” 

Cornil and Coudray (1905) found that bodies of traumatic origin 
produced through experiment in animals became united to the articular 
extremity of the bone or to the synovial membrane of the joint. 

Rimann (1905), following experiments on both dogs and goats, 
stated, “there is neither a secondary nor a primary osteochondritis dis- 
secans. True, free joint bodies arise only upon a traumatic basis.” 

Ludloff (1908) advanced the following theory : 

The loose bodies arising from the lateral surface of the mesial condyle result 
from injury to the arteria genu media at the point where it perforates the posterior 
capsule of the joint, and before it enters the bone at the seat of insertion of the 
posterior crucial ligament. The resulting circulatorj’^ disturbance leads to necrosis 
of the area of bone supplied by the injured vessel. The necrotic bone is gradually 
separated as the result of insufficient nutrition. 

Axhausen (1914) indicated that the vascular system might play 
a slightly dift'erent role than that expressed by Ludloff. He assumed ; 

As the result of the impaction from the opposing articular surface, the blood 
vessels to the part are damaged, either with or without partial fracture, according 
to the severitj" of the violence. This leads to necrosis of the area supplied by the 
damaged vessels. Instead of creeping substitution of the necrotic bone or bone 
and overlying cartilage, as would result in case of aseptic bone necrosis in other 
regions, there forms a zone of absorption resulting in gradual separation and 
eventual extrusion of the dead portion of the joint. 
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Friedrich (1913), Bernard (1925), Brackett and Hall (1927) and 
Schumni (1928) all favored the theory of traumatism. 

Fisher (1920) stated: 

Not infrequent detachment by indirect injury is produced by violent tension 
upon the posterior ligament of the knee joint, which is attached immediately adja- 
cent to the articular margin and is powerfully reinforced by the tendons of the 
gastrocnemius and semimembranosis. 

To Strengthen his argument in regard to the factor of trauma, Fisher 
chiseled off a small piece of articular cartilage together with a portion 
of the underlying hone from the femoral condyle of a rabbit. “The 
portion was completel}'^ detached and pushed up into the supra-patellar 
recess of the joint,” which was then closed. Five weeks later, the loose 
body was removed. On microscopic examination he found the following 
changes : 

The majority of cartilage cells are perfectly healthy but many of the bone cor- 
puscles are dead. The latter must have died after detachment, therefore it seems 
reasonable to assume that the bone corpuscles in the classical type of loose body 
have also died after the detachment by trauma, and that their death is not due to 
any morbid pathological process. This fact cannot therefore be adduced in favor 
of some pathological process such as “quiet necrosis." 

Kappis (1920) pointed out that in the knee and the elbow, which 
are the common seats of loose bodies, tangential and rotating forces may 
act on the convex surface of the condyle and fissure or partially or 
completely detach portions of the articular end. He thinks that loose 
bodies arising from the patella are the result of tangential forces. To 
explain the traumatic origin in the absence of serious injury, he assumed 
a predisposition as the result of disease or congenital disturbance of the 
articular cartilage. “Articular cartilage has no nerve supply and the 
underlying spongy bone is extremely insensitive. This should permit of 
the occurrence of fracture with little or no serious injury.” 

Phemister ( 1920) believed “that osteochondritis dissecans in all cases 
is a fracture caused by mechanical relationships or slight, unnoticeable 
trauma which results in either complete or partial separation of the piece 
in question.” 

Hellstrdm (1922) assumed: 

The joint mice in osteochondritis dissecans are the result of a subchondral 
impression fracture. Excessive effort due to special structural conditions of the 
knee joint may lead to the production of these fractures. Hence, individual pre- 
disposition plays a part in the development. The failure of firm healing of the 
fracture completes the clinical picture. There is no spontaneous dissecting osteo- 
chondritis in Konig’s sense, and therefore it is best to give up the idea entirely. 
In giving a legal opinion on the so-called dissecting osteochondritis, the condition 
must be regarded as an occupational disease produced by trauma. 
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Freiberg (1923), by a roengenographic study of five cases and the 
knees of a number of cadavers, found the following: 

It was quite easy, even where the tubercle was not long, to make it impinge 
upon the posterior crucial ligament when the knee was flexed and the tibia rotated 
outwards. Where the tubercle is long the impingement occurs much sooner, and 
it seems easily conceivable that it might take place with enough force to damage 
a small vessel were this to be found just in the right place. For the present, at 
least, it would seem as if we must look upon this interesting condition as the 
result of trauma. 

Sommer (1923) reported: 

The exciting cause akin to necrosis of the cartilage in animal experiments, is 
contusion that does not lead to death of the cartilage, but introduces the process 
of dissection and separates the contused tissue from the healthy portions of the 
joint by aseptic dissection. 

Burckhardt (1923) claimed: 

The chief reason for many misunderstandings on this question lies in the fact 
that so far we have been unable to form any satisfactory idea of the nature of the 
mechanical forces on which it is based, so that it is not known whether the traumas 
reported in the histories are sufficient in force to produce a fracture from pressure 
or from bursting. 

Burckhardt experimented on cadavers and showed that injury of the 
median condyle takes place from pressure of the patella. In an incipient 
case the patella, as a result of fixation by the quadriceps, was pushed 
with great force against the underlying structures. The amount of 
this force was calculated according to the laws of mechanics, and it was 
shown that sufficient force could be derived from contraction of the 
quadriceps extensor muscle to produce a fracture. That a trauma with 
such force should cause as little pain as is generally reported is explained 
by the absence of sensory fibers in the cartilage of the joint. The 
question of the etiology of joint mice is, therefore, only a problem of 
the mechanics, of joints and muscles and the histologic pictures are the 
expression of a reaction of the tissues to a trauma under certain 
mechanical and anatomic conditions. 

Schmidt (1924) demonstrated on the cadaver that at the level of 
the condyles the cartilage in a joint was more easily injured by a 
tangential than by a vertical force. He further ascertained the varying 
positions of the patella when the leg was internally and externally rotated 
from a position of 60 degrees flexion. He found that when the leg is 
rotated outward the patella comes in contact with the e.xternal condyle ; 
when it is rotated inward, it comes in contact with the internal condyle. 
In this gliding from one condyle to the other, the tip of the patella moves 
throusfh a srreater arc than does the base. Wfith the leg flexed at 90 
degrees or more, the upper border of the patella lies above tbe condyles. 
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Schmidt claimed that condylar fragments are broken off by impact 
between the patella and the condyles following sudden rotations of the 
leg when in flexion. 

According to Phemister (1924) : 

In many instances there is a history of traumas with impaction, either alone 
or combined with rotation or hinge motion in the joint. ... In dogs, pieces 
of bone and cartilage chipped off and reinserted in their beds, become reattached 
in practically every instance. They are usually absorbed and disappear completely 
in a few months. 

The same author was unable experimentally to produce loose bodies 
within joints by creating necrotic areas in the articular cartilage or 
subchondral bone by the insertion of radium needle. 

Timbrell Fisher (1924) pointed out: 

Trauma to the epiphysis will produce a low grade type of inflammatory process 
in a certain area which thus has lowered vitality, and which may be gradually 
exfoliated. 

Hauptli (1924) stated: 

Osteochondritis dissecans is a purely traumatic, complete or incomplete detach- 
ment of cartilage or bone-cartilage bodies in the knee or elbow. If bits are incom- 
pletely broken off, the processes of healing in the fragments lead to a rudimentary 
callous fp,fmation and now and then to consolidation. The frequent traumas of 
daily life with the physiologic movements of the knee bring about entire separation 
of the detached bodies. A necessary predisposition to the disease is created, on 
the one hand, by a special bone configuration in the joint, and on the other hand, 
by hypothyroidism (hj^perthyroidism?) and late rickets, but most of all by an 
arthritic constitution. 

Leb (1924) disagreed with the authors who believe the following to 
be true ; 

A chronic inflammatory process must be declined as the fundamental cause of 
the illness in default of actual proof. No proof has been produced for the so-called 
osteochondritis dissecans as an independent, chronic inflammatory procedure. Its 
symptom-complex could indeed be kept within the bounds of the form of illness 
of arthritis deformans, of the specific inflammatory process in bone, not, however, 
separated from everj' form of traumatic joint mouse formation. The harmony of 
the clinical and roentgenological pictures as well as the ‘ anamnese does not 
exclude the traumatic damage in the course of the daily work, and forces one to 
the assumption that the illness described as osteochondritis dissecans is subordin- 
ated to the domain of joint fractures. 

Von Dittrich (1925) thought “that osteochondritis dissecans is the 
result of mechanical and functional traumatic influence. 

Balensweig (1925) believed that osteochondritis dissecans was the 
result of “an osteochondral fracture of the external femoral condyle as 
a result of cross strain, aided by the pull of the anterior crucial ligament. 
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Wolbach and Allison (1928) offered an explanation of its etiology: 

The separation was the effect of mechanical pressure on a portion of the articu- 
lar cartilage with underlying cancellous bone bridging a “cyst.” This pressure 
probably was intermittent as occasioned bj' variation in functional performances of 
the joint, and probably was the result of stresses operating roughly in the long 
axis of the bone and laterally in the anterior-posterior direction. . . . There 
are two essentials to our explanation; one, a sufficient loss in the condyle of can- 
cellous bone to weaken materially the support of the articular cartilage as a whole ; 
the other, the presence of a "cyst” immediately below the articular cartilage in a 
position subject to vertical and horizontal stresses. The rarity of typical instances 
of osteochondritis dissecans of the femur suggests that our observation, even if 
dependent on the fortuitous existence and distribution of “cysts,” may apply to 
other examples. 

Richards (1928), in describing the roentgenologic picture of osteo- 
chondritis dissecans, wrote; 

In one of our cases the lesion rvas found in both knees of the individual, and 
in both of these, the mesial tubercle of the tibial spine was elongated, thus sug- 
gesting a purely local process due to this peculiarity. 

Causative Agents Other than Trauma in Osteochondritis Dissecans . — 
Many investigators do not consider trauma the causative agent in 
osteochondritis dissecans. 

John Hunter (1793) believed that the formation of cartilaginous 
bodies in joints was due to extravasated blood which assumed the nature 
of the parts into which it was effused. 

Rokitansky (1851) stated that “bodies composed of bone and carti- 
lage might arise from the articular serosa, representing an excessive 
development and ossification of isolated nodules of cartilage.” Laennec 
(1854) indicated that an arthritis was the basis, while Broca (1854) 
assumed a dry sequestration process as the cause of loose bodies in joints. 

Klein (1864) disagreed with these modes of origin. It is “most likely 
a question of a spontaneous demarcation of part of the joint of the 
femur.” 

Paget (1870) could not conceive how pieces of articular cartilage 
could be detached from living bone by trauma; “. . . these loose 

bodies are sequestra, exfoliated after necrosis of injured portions of 
cartilage, exfoliated without acute inflammation.” 

Koch (1879), performing experiments on embolic necrosis of the 
bone, proved to his own satisfaction that loose bodies were the result 
of "the obstruction of the entire capillary area of nutrition.” 

Poulet and Yaillard (1885) believed that osteocartilaginous bodies 
were due to “a spontaneous necrosis and a secondary loosening.” 

In 1887, Konig published his article, “Ueber freie Korper in den 
Gelenken,” in which he described one type of loose bodies within joints : 
after his clinical and anatomic studies of these he felt justified in segre- 
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.gating them into a pathologic entity which he termed osteochondritis 
dissecans. He pointed out that this condition may occur in any joint, 
but that it most frequently invoR^es the knee and elbow joints in young 
persons. He was unable to elicit a definite history of trauma in any of 
his cases, and having excluded arthritis deformans, acute and chronic 
suppurative or tuberculous osteomyelitis and tabes as the cause of the 
loose bodies, he concluded that it was a question of a “blasting” of a piece 
of the surface of the joint by a “dissecting osteochondritis,” which 
resulted in the “severance of a piece of the joint surface without other- 
wise noteworthy damage to the joint itself.” He did not deny that 
trauma may be a factor in the production of “corpus mobile,” but 
only so far as it gives rise to the “occasion of bringing into prominence 
the complaints of a joint body which had already existed for a long 
time.” He admitted, however, that “the etiology of this pathological- 
anatomical process remains obscure.” The appearance of Konig’s 
article occasioned much controversy. 

Humphrey (1888) was skeptical about trauma as an etiologic fac- 
tor, as it would require “a very extraordinary and violent accident that 
would break off into the knee joint a piece of articular cartilage.” He 
cited as the etiology, descriptions of pathologic processes now established 
as those associated with arthritis. 

Halstead (1895) was inclined to agree with Kdnig “that few, if any” 
of the loose bodies found in otherwise normal joints “are the direct 
result of violence.” 

Barth (1896) considered that proof for the existence of osteo- 
chondritis dissecans as an entity was lacking, and that Kdnig’s clinical 
and operative observations were of doubtful value. He claimed that 
only by trauma and arthritis deformans could loose bodies arise in 
joints. Barth excluded a necrotic process as a causative agent by dem- 
onstrating living cartilage in free bodies within joints. However, he 
failed to consider that bodies within joints could receive nutriment 
from the synovial fluid. Lindenstein (1906) and Brehm (1913) reported 
cases which they believed corroborated Barth’s opinion. 

Freiberg and Wooley (1910), reporting a doubtful case of osteo- 
chondritis dissecans, agreed with Wollenberg’s theory of A'ascular 
changes secondarj^ to arthritis deformans as being the cause of free 
bodies within joints. 

Weil (1912) reported two cases of bilateral symmetrical osteo- 
chondritis dissecans. He considered Ludloff’s theory of inflammator\ 
foci the explanation for the bilateral symtnetr}' of the lesions. 

Colvin (1920) believed the process to be infectious, while Reigcr 
(1920) considered it one of infarction secondary to a fat embolus. 

Buchner and Rieger (1921). in order to disprove the traumatic 
theory, showed that 184.3 Kg. of force was necessary for the loosen- 
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ing of a piece from the femoral condyle by extension of the crucial 
ligament and 614 Kg. by pressure of the patella against the femoral 
condyle. 

Nussbaum (1923), after studying the possibility of the embolic 
origin of free bodies in the knee joint, came to the conclusion that such 
a theory was not tenable, as the arteria genu media was not an end 
artery. Axhausen (1924) disputed Nussbaum’s conclusions: 

The theory of the embolic origin of joint bodies rests on three pillars: (1) 
mycotic-embolic closure of an epiphyseal artery may lead rapidly to epiphyseal 
necrosis. (2) The bacteria deposited may be vanquished by the body so that an 
infection does not take place and the necrosis remains aseptic. (3) Joint bodies 
may develop in situ from the aseptic epiphyseal necrosis by a process of demarca- 
tion. Nussbaum’s statements are concerned exclusively with the first and third 
possibilities. On account of the extent of his examinations, his judgment must be 
regarded as especially valuable on the question of whether an epiph 5 '^seal necrosis 
may develop from embolic occlusion of a vessel. But it is highl}' noteworthy that 
he has a tendency to answer this question in the affirmative for the lower end of 
the femur. To be sure the epiphyseal arteries are not terminal arteries in an 
anatomic sense, as fine lateral connections can be demonstrated. But these ana- 
tomic findings do not prove that the functional capacity of the fine connections is 
sufficient to ensure the nutrition of the epiphyseal region on closure of the chief 
artery. Observations in osseous tuberculosis seem to prove that the lateral connec- 
tions do not suffice for this, and that therefore, the epiphyseal arteries are "func- 
tional” end arteries, and if they are occluded there must be an interruption of 
nutrition in the area they supply. The tuberculous wedge-shaped necrosis in the 
lower epiphysis of the femur, with its apex directed toward the diaphysis, may very 
well correspond to a single epiphyseal vessel area. Nussbaum’s admission that the 
cone shaped sequestrum of the epiphysis may be brought about even without end 
arteries in the anatomic sense, is a valuable support for the first theory; it does 
not argue against but in favor of, an embolic genesis. His evidence against an 
embolic origin is directed solely against the third theory. The point of embolic 
vessel occlusion is not at a site of separation but much higher up, probably at the 
same place where Nussbaum assumes occlusion in tuberculous embolic wedge 
shaped necrosis. The theory of the embolic origin of joint bodies cannot be 
regarded as shaken or even answered by Nussbaum’s anatomic examinations. On 
the contrary, they give the theory a certain support, as they confirm the possibility 
of the development of epiphyseal wedge shaped necrosis by the embolic route. 

In further consideration of the role of the vascular system, 
Axhausen (1924) stated that the primary lesion is a necrosis of the 
epiphysis. This is followed by a proliferation of the surrounding tis- 
sues that penetrate into the dead bone, and may end with complete 
reorganization. This regeneration is interrupted by a compression 
fracture of the diseased epiphysis, which is frequently erroneously 
considered as the beginning of the disease. The fracture is limited 
everywhere by dead tissue, and therefore healing is impossible. The 
ends rub against each other and produce “bone flour.” Instead of a 
comparative!}' quick substitution, a slow resorption sets in. The car- 
tilage is not yet severely changed, but the necrotic part of the epiphysis 
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begins to be demarcated from the remaining bone by a layer of granu- 
lations or of older connective tissue. A slight injury may free the 
necrotic part in the elbow or knee joint, because these are broad and 
especially exposed to such injuries. As to the primary cause of the 
necrosis, he admits the possibility of tortion of blood vessels, especially 
in dislocations, but believes that benign infected emboli are more 
probable. In 1925, this author concluded that “the cause of the epiphy- 
seal necrosis, which is the basis of all these joint diseases, is not yet 
proven. However, according to new investigations, I maintain their 
explanation as bland mycotic embolic necrosis.” Lehmann (1925) did 
not agree entirely with Axhausen. “The theory of Axhausen, that a 
pathological fracture lies at the bottom of osteochondritis dissecans, is 
the most plausible; on the other hand, the assumption of a bland, 
necrotic embolus has been rejected because every provable case is with- 
out it.” According to Walter (1926), “the Konig- Axhausen theory 
of emboli as the cause of subchondral bone necrosis experiences a 
corroboration through such cases in which multiple necrosis appears in 
reference to Tnfecktionskrankheiten’.” Besides a bilateral osteochon- 
dritis dissecans of both knee joints in a man, aged 22, he found a typical 
foci in the capitulum radii. 

Konjetzny (1924) found an obvious endarteritis obliterans. “Peri- 
vascular round cell infiltration which was found here and there, may be 
thought of as an inflammatory origin.” 

According to Kroh, Lieck is of the opinion that the condition is 
due to “Hormonale Storung der inneren Sekretion.” 

Bernstein (1925) suggested: 

There must be some underlying constitutional factor, probably a congenital pre- 
disposition of the joint tissues, which is indispensable in the formation of loose 
bodies in the knee joint. It would also account for the occurrence of loose bodies 
in homologous joints in the same patient. Granting the existence of such an 
hereditary predisposition, any exciting causes, such as traumatism, inflammatory 
changes would act as an exciting cause for the formation of loose bodies in such 
a joint. 


Heine (1927) accepted Axhausen’s theory as being, “theoretically 
at least, the most likely hypothesis,” and at the same time rejected 
Rieger’s theory of an arterial fat embolus as “not only an improbable 
but an impossible hypothesis.” 

Moulonguet (1929) considered: 

A very definite relation between the dry arthritis and the osteochondritis dis- 
secans ; in the exfoliation of the cartilage, the partial necrosis of the epiphysis may 
be the lesions of dry arthritis which, in miniature, produce the process of osteo- 
chondritis dissecans. 
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REPORT OF CASES 

Case 1. — HHtory. — C. H.,- a tall, white boy, aged IS, was first seen in the 
outpatient department on May 10, 1928. He complained of limitation of motion 
of the joint of the left knee. For the past four years the patient had had 
intermittent disability of the left knee joint. This disability consisted of slight 
limitation of motion, occasional pain and infrequent “locking” of the knee joint. 
The “locking” was accompanied by the slight swelling of the soft parts on the 
inner side of the joint. The patient was always able to “unlock” the knee without 



Fig. 1 (case 1). — Left knee joint; the loosened osteocartilaginous bodj’’ is shown 
on the mesial aspect of the internal femoral condyle. 

assistance. No history of trauma could be obtained to account for the original 
attack. One week previous to admission, tlie patient was kicked above the left 
knee. The part became swollen and painful ; the patient was unable full 3 ' to extend 
the leg or to flex it beyond a right angle. 

Examination . — The patient walked with a limp of the left lower extremity. 
Flexion stopped at 90 and extension at 165 degrees. Swelling and induration alx)ut 

1. From the Philadelphia Orthopaedic Hospital and Infirmarj- for Nervous 
Diseases, surgical service of Dr. William J. Taylor. 
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the knee were absent. A point of tenderness was demonstrated at the anterior 
margin of the tibial attachment of the left internal lateral ligament. 

A diagnosis of osteochondritis dissecans was made and confirmed by a roent- 
genogram (fig. 1). 

Treatment. Normal motion was restored to the knee joint by 
baking and massage. 









N 
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METRIC 1 




Fig. 2 (case 1). — Material removed from the inner compartment of the left 
knee jo'nt. The upper three bodies are tags of hypertrophic synovial fringes. Of 
the lower three bodies, the middle one with the rounded edges was free within the 
joint; the other two, while loose, were still attached to the surface of the condyle, 
and formed the outer edges of the crater from which the free body was 
sequestrated. 


Second Attack — l\’’hen next seen cn October 4, the patient’s left knee was 
again locked in flexion at 45 degrees. During the previous evening, ‘ for no 
apparent reason.” the knee joint locked. Marked tenderness and swelling were 
present over the internal anterolateral surface of the joint. 
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Operation was advised, and the patient was admitted to the hospital. He was 
operated on the following day. 

Operation . — With the patient under nitrous oxide-ox 3 'gen anesthesia, a straight 
longitudinal incision was made to the inner side of the patella, and the inner 
compartment of the left knee joint was exposed. A large oval bod}" with smooth 
rounded edges was found lying free within the joint. This body was removed, 
together with two irregularly shaped pieces of bone and cartilage which were 
partially separated from the inferior articular surface of the internal condjde. 
Several tabs of h}"pertrophied synovial villi were also removed. The wound was 
closed without drainage. 

The patient was discharged on the fifteenth daj" after operation. He was free 
from pain and had a normal range of motion in the left knee joint. When last 
seen, three months after operation, there was no disability. 

Gross Examination. — At the time of operation the conditions within the knee 
joint were carefully observed. There was a slight increase in the amount of 
synovial fluid. The internal semilunar cartilage was intact. No evidence of 
infection was noted. 

The foreign body which was removed was ovoid and of the size shown in 
figure 2. It was glistening white, with smooth, rounded edges. The body con- 
sisted of a thick layer of articular cartilage and a thin, partially absorbed layer 
of subchondral bone. 

The condition of the inferior surface of the internal femoral condyle was of 
interest. To the mesial side of the condyle and at a point near the attachment of 
the posterior crucial ligament was seen a large ovoid crater extending through 
the articular cartilage and into the bone of the condyle. This depression cor- 
responded to the size and shape of the foreign body which was found free in the 
joint. The assumption is made that the foreign body was an extrusion of cartilage 
and bone from the site of the crater and that the crater was made by this extru- 
sion. The margins of the crater were rounded ; its walls were sheer ; its depth 
was slightly greater than the thickness of the foreign body. The margins of the 
crater were loose on the anterior, internal-lateral and posterior sides. At opera- 
tion, the already loosened cartilage about the crater with its attached bone was 
removed in two irregularly shaped pieces. The cartilage was friable and tore 
from its attachment to the remaining articular cartilage with ease, leaving a 
sloping, irregular and tufted edge. The defect which was produced by the 
removal of these two pieces of semidetached cartilage and bone, together with that 
of the crater, occupied practically the entire mesial half of the articular surface 
of the internal condyle. 

Laboratory Examination . — Repeated blood counts, chemical determinations of 
the blood and urinalyses were consistently normal. The Wassermann reaction of 
the blood was negative. Bouillon and agar slant cultures of the fluid in the joint, 
a piece of hj'pertrophied synovial villi, and a portion of foreign both’ were free 
from bacterial growth after eight days’ incubation. 

Microscopic Examination.— The synovial villi (fig, 3) were large and their 
papillae broad. The surface lining consisted of a single layer of flattened cells; 
it was intact in some areas, but in others it was replaced by a thin, compact band 
of acid-staining fibrin. Immediately beneath the peripliery wore a large number 
of thin-walled blood vessels which were dilated and contained within their lumen 
an excessive number of poUnnorphonuclear lcukoc\’tes. The adjacent tissue was 
loose and edematous, and throughout it were scattered many plasmocytcs and 
youthful connective tissue cells, together uith an occasional polymorphonuclear 
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leukocyte. In the vicinity of the blood vessels were seen collections of lymphocytes. 
The deeper tissue had a normal fibro-areolar structure. 

The diagnosis was : subsiding acute inflammatory changes in hypertrophied 
synovial villi. 

The section of the foreign body consisted chiefly of cartilage to the under 
surface of which was adherent a small amount of bone. The cartilaginous surface 
of the section was smooth, and the nuclei of the cartilage cells in the first zone 
lay parallel to the marginal edge; in the second zone, the nuclei occupied an 
indefinite position, whereas in the deepest zone, they were arranged at right angles 
to the surface. The cartilage was viable and of normal composition. 



Fig. 3 (case 1). — Photomicrograph of the hypertrophic synovial villi removed 
from the left knee joint. Hematoxylin eosin; X 61. 


The bone present in the free body was small in amount, and on section showed 
by its poor staining quality marked decalcification (fig. 4). No evidence of osteo- 
blastic activity was found. The bone cells were few in number and necrotic. 
The margins of the trabeculae were irregular and fuzzy, while the presence of 
many marginal lacunae gave evidence of osteoclastic activity, although no osteo 
clasts were found. 

The diagnosis was : necrotic subchondral bone undergoing decalcification an 
absorption. 
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In addition to the patient, two other male members of his family 
were said to have suffered from the same type of disability. These 
persons, the patient’s father and paternal uncle, were examined. The 
records of their cases, which follow, verify and confirm the diagnosis 
of osteochondritis dissecans. 

Case 2. — H. E. H., a white man, aged 49, father of the patient, when 12 years 
of age first noted a slight, intermittent, dull pain in the joint of the left knee, 
accompanied by limitation of both flexion and extension. No history of preceding 



Fig. 4 (case 1). — Photomicrograph of the osteocartilaginous body remo\ed 
from the left knee joint. Hematoxylin eosin; X 328. 


trauma could be obtained. Occasionally, following strenuous activity, the knee 
would swell and lock, but the patient was able to free the obstruction. Operation 
for the removal of a foreign body in the knee joint was recommended but refused. 
The condition persisted for twenty years. An apparent cure was effected by the 
spontaneous extrusion of the foreign body from the knee joint into the surrounding 
soft tissues. 

At the present time, the patient is free from pain and disability. Examination 
revealed the presence of a hard mass beneath the outer edge of the quadriceps 
extensor femoris muscle just above the external condyle of the femur. A roent- 
genogram demonstrated this mass to be a piece of bone or cartilage, and in addition 
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showed that a smaller particle of bone or cartilage lay in the midanterior portion 
of the knee joint apparently attached to or embedded in the capsular ligament 
(fig- 5). 

Case 3. — G. W. H., a white man, aged 46, paternal uncle of the patient, when 
about 15 years of age noticed the development of “locking” of the joint of the 
right knee without a history of preceding trauma. The disability continued inter- 
mittently for thirteen years. The periods of limited function of the joint became 
more frequent and lasted longer as he grew older. Walking upstairs or climbing 
a hill predisposed to “locking” of the joint. Medical aid was sought, and operation 
was advised. 



Fig. 5 (case 2). — Lateral view of the left knee joint. Two foreign bodies a 
seen ; the upper lies beneath the lateral border of the quadriceps extensor , 
lower lies in the midanterior portion of the joint. 


On July 13, 1912, the patient was admitted to the Jefferson Hospita . 
excerpt from the hospital records reads: “Diagnosis; floating body in t 
knee joint. Physical examination negative, except the right knee which is ® 
swollen at the inner aspect; the patella appears to float in fluid. The nee 3°^^^ 
was opened b}^ Doctor Despard under general anesthesia and a medium 
of bone removed. The patient was discharged in good condition on t le six e 
day after operation.” 
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Since operation, the patient has been free from pain and disability. Roent- 
genographic examination of the right knee joint (Oct 1, 1928) failed to show 
any abnormality of the bones or cartilage comprising the joint. 

Case 4. — History. — D. S. P,,^ a white boy, aged 19, tall and well dev^eloped, 
was first seen on April 5, 1927. Three weeks previously, without assignable cause, 
the right knee became swollen. Any sudden twist caused pain in the region of 
the external lateral ligament, and several times a day the knee joint would “lock” 
and the patient could extend the leg only after manipulation. The discomfort 
increased in severity. 



Fig. 6 (case 4).— Right knee joint; an osteocartilaginous body is loosened from 
the inferior surface of the internal femoral condyle, 

Esrainiuatioti..— Motion at the knee was free; there was a slight amount of 
swelling present, and a point of tenderness over the attachment of the external 
lateral ligament was found. 

A roentgenogram disclosed a large, partially detached sequestrum from the 
midarticular surface of the right internal femoral condyle (fig. 6). 

Opcration.~On April 20, with the patient under general anesthesia, the foreign 
body eonsisting of articular cartilage and subchondral bone was removed. The 
patient made an uneventful recovery. 


2. Cases 4 and 5 concern private patients of Dr. DeForcst P. Willard. 
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When examined in February, 1930, the patient complained of infrequent pain 
in the left knee. A roentgenogram revealed the presence of a solitary foreign 
body in the inner compartment of this knee. 

Case 5.— History. — W. P., Jr., a brother of D. S. P., white, aged 19, over 6 feet 
in height and weighing but ISO pounds (68 Kg.), was first seen on July 25, 1925. 
For several years he had complained of pain in both knees and in the dorsal and 
lumbar portions of the spine, following exercise. 

E.vainination.—The left lower extremity was one-half inch (1.27 cm.) shorter 
than the right. A slight lumbar scoliosis to the left was present; both feet were 
pronated ; posture was poor and the musculature weak. 



Fig. 7 (case 5).— Roentgenogram showing the presence of a loosened osteo- 
cartilaginous bod 3 " from the inferior surface of the left internal femoral condjle. 


When next seen, on Jan. 11, 1927, the patient complained of pain in both knees 
but more especially in the left, and frequent inability fully to extend the left leg. 
The joint of the left knee at times became swollen. ^ 

There was a slight grating but no swelling in the left knee joint. The liga- 
ments were somewhat relaxed, and there was pain on pressure over the interna 

lateral ligament. . , . . 

A small sequestrum from the middle portion of the arhcular surface of the 

internal femoral condyle was shown by roentgenogram to he free m the joint o 
the left knee (fig. 7). 
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HEREDITY AS AN ETIOLOGIC FACTOR 

The involvement by osteochondritis dissecans of more than one 
joint in the same person is uncommon. Bernstein, Blanco, Richards 
and Walter reported cases in which more than one joint in the same 
person was involved. When more than one joint is the site of osteo- 
chondritis dissecans, the involvement is frequently found to be bilateral. 

Few references are made to heredity and familial or congenital 
factors as possibly being responsible for the development of this con- 
dition. Rieger spoke of “a predisposition.” Kappis claimed that there 
may exist a congenital disturbance of the articular cartilage predispos- 
ing it to injury. Bernstein, in reporting the presence of osteochondritis 
dissecans of both knees of two sisters and a brother, stated that the 
disease is probably hereditary. 

From a consideration of the cases here reported, it would seem 
that heredity should be considered -as an etiologic factor in the occur- 
rence of osteochondritis dissecans. 

SUMMARY 

1. The various theories of the etiology of osteochondritis dissecans 
found in the literature are abstracted. 

2. Five case reports are given in which osteochondritis dissecans 
of the knee joint was found in various members of the same family, 
{a) in three men of one family; son, father and paternal uncle, and {h) 
in two brothers, in one of whom there was bilateral involvement. 

CONCLUSION 

Heredity operates as an etiologic factor in the occurrence of osteo- 
chondritis dissecans.^ 

BIBLIOGRAPHY 
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the wrist, tlie tarsal scaphoid, the anterior tubercle or the distal epiphysis of the 
tibia, the epiphyses of the femur, radius, humerus, vertebra or of tbe metatarsals 
does not make of a single pathologic process many clinical diseases. 
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THE CLOSED INTESTINAL LOOP 

HI. ASEPTIC END-TO-END INTESTINAL ANASTOMOSIS AND A METHOD 
FOR MAKING A CLOSED INTESTINAL LOOP SUITABLE 
FOR PHYSIOLOGIC STUDIES * 

KARL H. MARTZLOFF, M.D. 

AND 

GEORGE E. BURGET, Ph.D. 

PORTLAND, ORE. 

In order to carry on successfully a series of observations on hydro- 
static pressure in closed intestinal loops ^ in dogs, as first demonstrated 
by Whipple and his associates,- it was necessary to develop some method 
whereby such loops could be made accessible while in an essentially 
normal environment. These loops have been so satisfactory for determi- 
nations other than hydrostatic pressure that we believe that the methods 
employed are worth reporting. We felt that any method devised should 
fulfil certain requirements. The loop should be wholly within the 
peritoneal cavity; its circulation should be normal which in turn would 
probably insure a normal mucosa over an indefinite period of time ; its 
lumen should be accessible in unanesthetized animals for various types 
of observations ; and the surgical technic necessary to accomplish this 
should be aseptic and within the ability of investigators accustomed to 
experiments on animals. 

The technic devised is one that we now employ in the formation of 
a jejunal loop, and it differs only in minor detail for loops made at 
different levels of the small intestine. Dogs were used in all our work. 
Animals weighing over 15 Kg. are preferable in that they have small 
intestines of sufficiently large caliber to facilitate an end-to-end anasto- 
mosis. This, though not difficult, offers the only immediate technical 
difficulty which a little practice can readily overcome. Food was with- 

* Submitted for publication, Oct. 20, 1930. 

* From the Department of Physiology, University of Oregon Medical School. 
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held from an animal for twenty-four hours before operation. One-half 
grain (32.4 mg.) of morphine sulphate and one one-hundredth grain 
(0.6 mg.) of atropine sulphate were given hypodermically one-half hour 
before ether narcosis was induced. The usual tincture of iodine prepara- 
tion for the skin was employed. 

OPERATIVE technic 

An upper right rectus incision of suitable length (about 8 cm.) is made about 
3.5 cm. from the midline. Treitz’ ligament is identified and the jejunum traced 



Fig. 1. — Drawing showing clamp with dimensions of the blades. The blades 
are 9 cm. in length. Note that the blades have some “spring” so that tips come 
together before the more proximal surfaces. This is done so that when the blades 
are entirel}' in contact there will be sufficient pressure at the tips, where the blades 
are weakest, to prevent the intestine from slipping. The longitudinal groove cannot 
be seen in this illustration. An ideally constructed clamp of this type should be 
tongued and grooved longitudinally and without the transverse serrations. 

distally. The proximal point at which a jejunal loop can be made and survival 
anticipated is where the mesenteric veins from the contemplated intestinal segment 
enter tlie mesenteric root at right angles. This point varies in its distance from 
Treitz’ ligament and can only be determined in a given animal by examining the 
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mesenteric root, putting the mesentery under tension and observing the color of 
the intestine. If one attempts to utilize a segment of jejunum the mesenteric 
vems of which tend to curve posteriorly as they enter the superior mesenteric 
vein, the possibility of some circulatory disturbance is considerably increased. 

The length of the proposed jejunal loop is dependent on the amount of intestine 
supplied by a single primary mesenteric artery and vein. Our loops measured 
from 5 to 12 cm. ; a length of 9 cm., however, was a general average. Four clamps 
are placed on the intestine at either end of the proposed loop. The clamps are 
applied in such order that the instruments (fig. 2, C-1 and C-2) furthest removed 
from the end of the loop are placed first. The other clamps are then placed as 
shown in figure 2. The two most distal clamps are specially designed and will be 
described. It will be noted that they are placed to form an angle of about 75 degrees 
with the intestine to which they remain attached for the purpose of later estab- 
lishing an anastomosis. 

The special clamps are simple and inexpensive. It will be noted (fig. 1) that 
the bite of the clamp is from 2 to 2.5 mm. in width, so that a minimum of trauma- 



Fig. 2. — Clamps in place preparatory to section of the intestine. The two most 
distal clamps (C-i and C-2) are placed to form an angle of less than 90 degrees 
with the segment of intestine to which they remain attached. 

tized tissue is involved in the intestinal anastomosis. One opposing surface is 
grooved longitudinally and the tips are smooth. More satisfactory, possibly, would 
be a clamp the opposing surfaces of which were tongued and grooved. For 
purposes of economy, we did not incur this additional expense. The lips are 
sufficiently long (9 cm.) to be used on intestine of any diameter and thick enough 
to insure uniform pressure from tip to base. In our earlier experiments Kocher 
clamps were used throughout. At times we found them a little short for intes- 
tines of larger caliber. The handles were short, so that the assistant s hands were 
in the way, and the teeth at the tips of the lips were inconvenient when the 
were removed from the ends of the sutured intestine. The instrument descri 
has overcome these objections. 

When the instruments are placed, as shown in figure 2, the vascular arcies 
are ligated and the intestine and mesentery are sectioned with an electrocau erj 
The ends of the loop are then closed in two tiers with a Parker-Kcrr suture o 
number 00 plain catgut. This suture technic is adequate to withstand a ly r ' 
static pressure sufficient to rupture the loop at an)" time after operation. 





MARTZLOFF-BURGBT— CLOSED INTESTINAL LOOP 


29 


loop is then temporarily placed in the peritoneal cavity and the end-to-end anas- 
tomosis performed b}" an aseptic technic. 

ASEPTIC TECHNIC FOR END-TO-END INTESTINAL ANASTOMOSIS 

To one familiar with the various methods of aseptic end-to-end 
intestinal anastomosis, it will be apparent at once that no real originality 
enters into our method. It is merely a modification of methods previ- 
ously described. 

Without trying to enumerate the various writers who have contrib- 
uted to the clamp technic of aseptic end-to-end intestinal anastomosis, 
in contradistinction to the bulkhead method or methods employing special 
mechanical contrivances such as rubber balloons, rings, cones, etc., we 
believe that two require special mention. Rostowzew ® described a 
technic requiring special and cumbersome clamps which were left on 
the ends of the divided intestine until the necessary Lembert sutures 
were in place, when the clamps were removed. The cauterized ends of 
the intestine remained closed while the previously placed sutures were 
tied. It should be noted that in Rostowzew’s method the ends of the 
intestine to be united were held not directly end-to-end, but at right 
angles to the longitudinal axis of the intestine, producing a greater 
inturning on one side than on the other. 

Moszkowicz ^ employed the same technic, with slight mechanical 
changes, and finally devised a three bladed clamp which, in a far simpler 
manner, performed the function of the cumbersome instrument first 
employed by Rostowzew and himself. The technic and instrument 
described by Rankin ® nearly twenty years later is in all essential respects 
the method of Moszkowicz, who was not mentioned by Rankin. 

Parker and Kerr ® described their method of closing both ends of 
the sectioned intestine by placing “basting stitches” over each of the 
occluding clamps. These sutures are pulled taut after the clamps are 
removed and invert the crushed ends of the intestine. The sutures 
designed to anastomose the two occluded ends of the intestine are then 
placed and tied, and finally the lumen is reestablished by withdrawal 
of the previously placed “basting stitches.” 

All of the clamp methods of aseptic end-to-end anastomosis since 
described have utilized the features of Rostowzew's operation, as modi- 

3. Rostowzew, M. I.: Aseptische Darmnaht, Arch. f. Cliir. 82:462, 1907. 

4. Moszkowicz, L. : Ueber aseptische Darmoperationen, Wien. klin. Wchn- 
sclir. 21:1593, 1908; Ueber aseptische Darmanastomosen, ibid. 22:848, 1909, 

3. Rostowzew, M. I.: Aseptisciie Darmnaht, Arch. f. klin. Chir. 82:462, 1907. 
Gynec. Obst. 47:78, 1928. 

6. Parker, E. M., and Kerr, H. H. : Intestinal .Anastomosis Without Open 
Incisions by Means of Basting Stitches, Bull. Johns Hopkins Hosp. 19:132, 1933. 
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fied by Mosckowicz, while some have utilized the principles of the 
Parker-Kerr inethod. 

Pringle and Scarff ® eliminated in their methods the angulation of 
the ends of the intestine, which is the basic objection to the Rostowzew- 
Moskowicz operation, b\^ bringing them into direct apposition. This 
eliminates the turning in of intestinal spurs of unequal length and also 
the carr^dng of sutures across the end of cauterized intestine. However, 
in both technics mattress sutures are inserted while the clamps are still 
in place. In our experience, this procedure makes it difficult to place 
the mattress sutures accurately; occasionally opposite walls of the 
intestine are sutured together. In order, then, to reestablish the intestinal 
lumen at the line of anastomosis, the occluding suture must be removed 
with a resultant break in asepsis. 

The advantages that we have experienced in our modified technic 
as compared with the others that we have used are: 1. A minimal 
amount of tissue (from 2 to 2.5 mm.) is devitalized with the instrument 
described. 2, The first row of Parker-Kerr sutures does not cross the 
end of cauterized intestine and is placed so close to the clamps that it 
adds about an additional millimeter to the inturned flange. 3. The 
ends of the Parker-Kerr sutures, when tied, allow ready manipulation of 
the intestine with minimal trauma and the accurate placing of mattress 
sutures. In the forty-one dogs and two patients on whom this identical 
technic was used, the intestine was not transfixed, healing was unevent- 
ful, except as noted, and olistruction at the site of anastomosis occurred 
in one dog. 

Leakage at or near the site of anastomosis occurred in three animals : 
(1) in a duodenal anastomosis in which the ends of intestine were 
brought together under tension and a round worm was burrowing 
through at the suture line ; (2) in an anastomosis in which the intestine 
distal to the line of suture was plugged with worms and a worm was 
coming through the line of anastomosis, and (3) about 1 cm. proximal 
to the line of suture in a dog that died, as did the other two, of a peri- 
tonitis secondary to the rupture of the intestinal loop. 

In eight other dogs not included in the previously noted forty-one, 
we used number 0 catgut for our Parker-Kerr basting stitches and 
found leakage in two, so the use of catgut Avas abandoned. 

Obstruction at the site of anastomosis occurred in one anirnal (no. 
91 ) which lived for six weeks. This Avas due to a thick adhesion on one 
side of the anastomosis Avhich prevented the inturned flange from unfold- 
ing as it had on the opposite side. It should be remembered that in 

7 Pringle, S. : Aseptic Resection of the Intestine, Brit. J. Surg. 12:238, 1924. 

8. Scarff, J. E. : Aseptic End-to-End Suture of the Intestine, Ann. Surg. 

83:490, 1926. 
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many of our animals a peritonitis of varying duration occurred, owing 
to damage to the closed intestinal loops, so that the intestinal anastomoses 
were often exposed to surroundings that favored infection, inflammation 
and adhesions. 

We used the technic described b}' Scarft in forty-seven dogs. A 
leak, not caused by worms, developed at the site of suture in eight, so 
we adopted the method described here. 

The anatomic details of our operative results will be given in another 
paper. The technic employed by us is as follows : 

Technic . — The two special clamps are brought together and rotated in their 
longitudinal axes so that their uneven surfaces are face to face. A continuous 



Fig. 3. — Specially designed clamps rotated in their longitudinal a.\cs so that 
the first Parker-Kerr suture can be placed. 

right-angled serosubmucosal suture of number 0 black silk on a curved intestinal 
needle is placed in the two opposing intestinal walls as close to the clamps as 
possible (fig. 3). The sutures should begin on the antimcsenteric margin of one 
intestinal segment and terminate on the mesenteric border. The free ends are 
secured, the clamps are rolled so that their even surfaces are opt)o<;ed and a 
similar suture is placed so that it begins and terminates on side- of the clamp- 
opposite to its counterpart, as shown in figure 4. 

The anastomosis clamps arc now removed, one at a time, while both ends of 
the sutures are held slightly taut (fig. 5). W hen the la-t clamp is off. the sutuits 
art pulled tightly and tied snugly enough to narrow th.e diameter of the anastc- 
iTosis by 1 or 2 mm. (fig. 6) in order to invert the crusl’ed inte-tine at Ivoth the 
mesenteric and the antimesentcric margins. During tin's manipulation th.e cr.n.ter- 
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ized end of the gut does not open when the clamp described is used, and no diffi- 
culty IS experienced with the mesenteric aspect of the intestine. 

The ends of the previously placed sutures now serve as stay sutures with which 
the intestine can be rotated in its longitudinal axis. The first line of sutures is 
now reenforced by a second row of closely placed Halsted mattress stitches of 
0 black si|k on milliner’s needles (fig. 7). At first we left one long suture on 
opposite sides of the anastomosis in order to apply traction and thereby assure 
the patency of the lumen. This was done because with Scarff’s technic it occa- 
sionally happened that one or two sutures penetrated to the opposite intestinal 
wall, thereby closing the lumen. This necessitated the removal of the faulty 
stitches wdth consequent breach of asepsis. With the present method the fore- 
going has never occurred. We have abandoned the use of these accessory traction 



Fig. 4. — The clamps have been rotated so that their fiat surfaces are in apposi- 
tion and the second Parker-Kerr suture is being placed. 


.sutures and never invert the intestine through the anastomatic lumen to insure its 
patency. The mesenteric defect is closed with interrupted fine black silk sutures. 

Method of Firing the Loop.~Tht loop is again brought out of the peritoneal 
cavity and laid over the lateral margin of the incision. Allis clamps are place 
on the peritoneum of the medial aspect of the incision, traction is exerted and the 
midline fatty appendage is dissected medially to the linea alba the length o t le 
incision. This denuded area is further traumatized by rubbing it with dry gauze. 

The middle two thirds to three fourths of the loop is sutured (figs. 8 and P; 
as closely as possible to the right of the linea alba with number 0 interrupted 
black silk on curved intestinal needles, care being taken not to penetra e i 
submneosa too deeply, to prevent subsequent rupture of the 
suture. It is preferable to err on the side of safety and suture only the mte tmal 
r/calark. In onr experience, all loop, so attached have adhered to the an.cnor 

abdominal wall. 




Fig. 5. — The last clamp is being withdrawn leaving two narrow segments of 
crushed intestine in direct apposition. The sutures are placed closer to the 
crushed end of the intestine than the illustration shows. 



Fig. 6. — The two Parker- Ktrr^sutiirt? ha\t. Ken drawn taut r.nd tied, Ti.c 
cauterized etids of the inte^tine• remain cIo*-ed durirg :r.e- entire prt-ctttnre 
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A guide of linen is next placed in the skin of the anterior abdominal wall to 
the left of the midline at a level where the loop can be reached by a hollow needle 
passed through the abdominal wall just to the right of the linea alba. 

The wound is closed with catgut and heavy linen and no dressing is applied. 
The dog is given water after the third day and milk and hamburger steak on the 
fifth day. Skin sutures are removed on the fifth day. 

CARE OF ANIMAL AFTER OPERATION 

As essential to the survival of the animal as the proper operative 
technic is the postoperative care of the closed loop. It should be tapped 
just to the right of the midline at a point opposite the linen guide suture 
under aseptic precaution with a number 19 needle on a syringe, from 
eighteen to twenty-four hours after operation and every twenty-four 
hours thereafter until no further secretion is obtained. Aspiration is 
facilitated by the postoperative anesthesia of the abdominal wall between 



Fig. 7. — Halsted mattress sutures of fine black silk on milliner s needles are 
used to complete the anastomosis. The sutures are placed somewhat more closely 
than is depicted in the illustration and need not be “reenforced, for this suture 
line is adequate when properly placed. 

the incision and the linea alba. This lasts for months and the animals 
are entirely docile while being manipulated. It is advantageous after 
aspiration of the contents of the loop to wash the loop with physiologic 
solution of sodium chloride. We believe that this hastens restor^ion 
of the loop to normal by removing the inflammatory products inci ent 
to the operative trauma. 

There is considerable variation in the behavior of the loops. ter 
three or four aspirations and washings some may go for varying perio 

before this again becomes necessary. , . , 

When loops are made lower in the small intestine, aspiration 
not be instituted so soon after operation. Provided the loop is one 
survives and will be suitable for various types of observation, t ns m 
be commenced when the sutured ends have sloughed and ea e 

ti 
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which requires a period of from ten to fourteen days. As previously 
noted, various loops, even though destined to survive, require aspiration 
at various intervals. In the case of loops that have not become distended 
for some tiine, our first clue that the animal has a distended loop is its 
loss of appetite, lack of animation and increase in temperature. Almost 
immediately after the intraloop pressure is relieved, the animal is spirited 
and will take food. 

Wien one desires to use a loop that has not been aspirated for some 
time for studies of digestion or absorption, it is necessary to aspirate 
and wash the loop a day or two previously in order to free it from 
the epithelial and bacterial residue. In old loops that have not been 
disturbed for several weeks there is a gradual accumulation of a grayish, 
putty-like material which, after several months, will entirely fill the loop. 

This procedure was carried out on ninety-two dogs. Some of the 
animals lived for months, in one instance for over one year, without 
aspiration of the loop except for a few da 3 ^s after operation ; others, 
again, had to be aspirated at intervals varying from days or weeks, to 
months, and some of these have been living for a year or more. 

We found that solutions injected into these closed loops can be 
aspirated so successfully that all but 1 cc. or a fraction thereof can be 
recovered. 

Over a period of about a year animals with closed intestinal loops 
were subjected to various determinations of blood chemistry, the loop 
contents were studied bacteriologically, and observations on digestion 
and absorption were made with cane sugar, levulose, fats and peptones. 

VALUE FOR PHYSIOLOGIC INVESTIGATION 

It is evident, we believe, that this type of loop presents unusual 
possibilities for various types of observations, in that it overcomes some 
of the shortcomings present in the other experimental methods. As 
compared with the intestinal loop lying in the peritoneal cavity of 
anesthetized and decerebrate animals, our method has the advantage of 
not being an acute experiment under anesthesia while our determina- 
tions are not made on recently traumatized intestine. This method also 
overcomes the objection inherent in the use of closed surviving intestinal 
segments suspended in Tyrode’s or Locke’s solution in that our loops 
are viable, in a normal environment, and can be used repeatedly. 

. The Thiry- Vella fistula technic and the polyfistula method of Lon- 
don ° have definite shortcomings in that the}'^ produce fistulas, subject 
to secondary infection and abnormal exposure to atmospheric pressure. 

9. London, E. S., in Abderhalden : Handbuch der biolog-ischen Arbeitsmeth- 
oden, Vienna, Urban & Schwarzenberg, 1926, vol. 6, pp. 491 an a 
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They also present the factor of error due to difficulty in recovering 
in fofo the remains of injected solutions; the polyfistula method brings 
in an additional phenomenon of motor function, which is undesirable 
for some determinations. The method devised obviates, either altogether 
or in a large measure, the foregoing experimental difficulties in that 
it provides a fixed and accessible closed loop in a normal environment 
which affords a histologically normal mucosa in a fairly large percentage 
of animals. Finally the unabsorbed residue of solution injected into 
such a loop is recoverable to within approximately 1 cc. of its total 
volume. During experiments on the digestion of levulose we have also 
performed laparotomy and aspirated blood from the mesenteric vein of 
the loop for simultaneous comparison with the heart’s blood. These 
and other observations are being prepared for publication. 



SCALENIOTOMY IN THE SURGICAL TREATMENT 
OF PULMONARY TUBERCULOSIS * 
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MADISON, WIS. 

In 1822 Carson ^ sounded the keynote to the surgical treatment of 
pulmonary tuberculosis when he said, 'Tt has long been my opinion 
that if ever this disease is to be cured, and it is an event of which I 
am by no means disposed to despair, it must be accomplished by mechani- 
cal means, or in other words by a surgical operation.” There have 
since been evolved, roughly speaking, two types of operative procedure 
in these cases. The first type includes extrapleural paravertebral 
thoracoplasty suggested by Brauer ^ and performed by Friedrich in 1907, 
in which they advocated an extremely radical operation which carried 
with it a high mortality. However, the technic was soon modified by 
Wilms ^ and Sauerbruch,^ but even to the present time it continues to 
carry many disappointing results, both in the immediate effects and 
later in the resultant spread of the disease in the contralateral lung. 

In the second type are classed several conservative procedures, 
including artificial pneumothorax, first instituted by Potain ® in 1880. 
Artificial pneumothorax will not be considered in this report. Extra- 
pleural pneumolysis was performed by Tuffier ® in 1883, phrenicotomy 

* Submitted for publication. Sept. 25, 1930. 

* From the Departments of Surgery and Medicine, University of Wisconsin 
Medical School. 

1. Carson, J., cited by Riviere in Essays Physiological and Practical, Liver- 
pool, F. B. Wright, 1822. 
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by Stuertz^ in 1911 and by Felix® in 1922, intrapleural pneumolysis 
by Jacobaeus ® in 1913, and multiple intercostal neui'ectomy was intro- 
duced by Alexander in 1929. Of these, phrenicotomy is the most 
frequently used, and it is the simplest of the operative procedures. It 
is attended by a low rate of mortality, and until recently has been used 
merely as an adjunct to paravertebral thoracoplasty. Of late, however, 
this procedure has been proved by Matson to have a marked thera- 
peutic value of its own in the arrest of pulmonary tuberculosis, in 
addition to its adjunctive or test value. Up to the present when 
phrenicotomy as an independent procedure has been considered inade- 
quate no recourse has been available other than the most radical type 
of operation, namely, paravertebral thoracoplasty. Therefore it seemed 
logical to seek some means of enhancing the value of phrenicotomy 
in order to produce the arrest of the disease without relinquishing the 
more conservative procedures. 

Intercostal neurectomy and phrenic block are operative through the 
interruption of the motor nerves to important muscles of respiration. 
For an understanding of the rationale of such procedures, it is necessary 
to comprehend the contribution of these muscles to the mechanics of 
respiration. In his convincing clinical and experimental studies, 
Hoover assigned certain definite values to the scaleni, the intercostal 
muscles and the diaphragm in respiration. Briefly stated, this observer 
concluded that the scaleni anchor the first ribs for the action of the 
upper three intercostal groups. Through their influence the intercostal 
muscles tend to bring about a bucket-handle movement of these ribs. 
The net result of this action is to induce an increase in the lateral and 
the anteroposterior dimensions of the thorax; but, if unopposed, such 

7. Stuertz: Kiinstliche Zwerchfellahrnung bei schweren chronischen einseiti- 
gen Lungenerkrankungen, Deutsche med. Wchnschr. 37:2224, 1911. 

8. Felix, W. : Anatomische, experimentelle und klinische Untersuchungen 
iiber den Phrenikus und iiber die Zwerchfellinnervation, Deutsche Ztschr. f. Chir. 
171:283, 1922. 

9. Jacobaeus, H. : Endopleurale Operationen unter der Leitung des Torako- 
skops, Beitr. z. Klin. d. Tuberk. 35:1, 1916. 

10. Alexander, J. : Multiple Intercostal Neurectomj' for Pulmonary Tubercu- 
losis, Am. Rev. Tuberc. 20:637, 1929. 

11. Matson, R. W. : Exairesis of the Phrenic Nerve in the Treatment of Pul- 
monary Tuberculosis, Am. Rev. Tuberc. 22:1, 1930. 

12. Hoover, C. F. : The Functions of the Diaphragm and Their Diagnostic 
Significance, Arch. Int. Med. 12:214 (July) 1913; Diagnostic Signs from the 
Scaleni, Intercostal Muscles and the Diaphragm in Lung Ventilation, Arch. Int. 
Med. 20:701 (Nov.) 1917; The Functions and Integration of the Intercostal 
Muscles, Arch. Int. Med. 30:1 (July) 1922; Respiratory Excursion of the Thorax, 
Oxford Medicine, New York, Oxford University Press, 1918, vol. 2, p. 29. 
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a function would result in the shortening of the longitudinal axis of 
the thorax. Accordingly, the pistonlike descent of the diaphragm on 
inspiration preserves this longitudinal dimension. Further important 
clinical observations were made by Hoover on the movements of the 
costal margin, normally and under pathologic conditions. For the 
present purposes these may be summarized briefly in the statement that 
normally the movement of the costal borders on inspiration is slightly 
outward. The diaphragm tends to pull the costal margins inward, and 
the antagonism of the scaleni and the intercostal muscles is expressed in 
their outward, upward pull. The scalene-intercostal group of muscles 
is more advantageously placed from a mechanical standpoint, and the 
resultant force represents the algebraic sum of the two in a slight out- 
ward movement of the costal margins on normal inspiration. As Hoover 
emphasized, variations in the undulatory movements of the upper ribs 
and in the excursions of the costal margins afford valuable diagnostic 
information as to underlying pathologic conditions. 

Abundant evidence has accumulated to render judgment in the 
case of phrenic block, temporary or permanent. The logic of intercostal 
neurectomy would seem well grounded. From an anatomicophysiologic 
standpoint, it has seemed remarkable that the important scalene group 
should have escaped surgical attention.^^ Certainly Hoover gave ample 
evidence of their mechanical importance. By clinical cases and experi- 
mental division of the scaleni, he was able to demonstrate a caudad 
movement of the unsupported first rib on inspiration, together with 
the manubrium, the second and the third ribs. Under such conditions, 
the fourth rib remained stationary, and not until the fifth rib was reached 
did the customary undulatory movement appear. From this level down- 
ward, the normal bucket-handle movement was exaggerated. Two chil- 
dren with cervical Potts’ disease leading to paralysis of the scaleni 
have been studied in the Wisconsin General Hospital. In both of the 
patients the classic picture afforded by Hoover was confirmed. The 
most striking features were the caudad movement of the upper three 
ribs and the exaggerated outward movement of the costal margins on 
inspiration. Fluoroscopic examination established the motility of the 

13. In qualification of this statement, attention is directed to the suggestion of 
Coffey (Northwest Med. 28:108 [March] 1929) that division of the scalenus 
anticus and medius affords a most advantageous approach for resection of the 
anterior arc of the first rib, and to that of Gregoire (Paris med. 1:265, 1930) 
which utilizes scalene section as an adjunct to apical extrapleural pneumolysis. 
Neither of these observers has been interested in the essentia! motor phenomena 
of scalene activation. 

14. Hoover (footnote 12, second, third and fourth references). 
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diaphragm in both of these subjects, although the sharp outward move- 
ment of the costal margins had led to a suspicion of an associated 
phrenic paralysis. Hoover further observed that in quiet inspiration 
the scaleni do not elevate the first ribs, but by their tone they neutralize ' 
the caudad tendency of intercostal contraction in this location. In one 
of his clinical patients in whom intercostal paralysis had occurred, 
the scaleni were capable of inducing a cephalad movement of the sternum 
and first upper pair of ribs on quiet as well as deep inspiration. On 
forced inspiration this subject could increase the circumference of the 
thorax ^ inch (19.05 mm.) at the third and at the sixth interspaces 
through scalene action. From these observations, the scaleni would 
seem to afford an unusually advantageous point of attack for immobiliza- 
tion of the pulmonary apexes. 

The scaleni are three (rarely four) muscles of the deep cervical 
group. They arise from portions of the transverse processes of the 
third, fourth, fifth, sixth and seventh cervical vertebrae and insert by 
tendinous bands into the first and second ribs. Their origins are con- 
cealed by the sternocleidomastoid muscle, but their insertions are more 
widely separated. The largest and longest of these muscles is the 
scalenus medius, followed in order by the anticus and posticus. The 
scalenus anticus inserts into the scalene tubercle on the upper surface 
of the first rib. Rarely, this insertion is split by the subclavian artery, 
and two distinct muscles are formed. The lateral muscle is then 
known as the minimus. The scalenus medius inserts into the upper 
surface of the first rib at about a centimeter posterior to the insertion of 
the anticus. Some fibers may extend forward and insert into the upper 
edge of the second rib. The scalenus posticus inserts into the outer 
surface of the second rib. The nerve supply to these muscles is derived 
from the cervical plexus, and the posticus may receive branches from 
the brachial plexus. 

The surgical approach used for the division of these muscles is 
somewhat similar to the one employed in the approach through the 
subclavian triangle of the neck for exposure of the phrenic nerve. 
Owing to the origin of these muscles through numerous tendinous slips 
from the transverse processes of the lower cervical vertebrae, approach 
at this point is necessarily rendered difficult and inadvisable. The points 
of insertion into the first and second ribs, however, are through tendons 
that are easily identified when the other structures are carefully retracted. 

It is because of their accessibility at this point that the section of each 
muscle is made near its insertion. 


15. Hoover (footnote 12, fourth reference). 
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TECHNIC 

• The patient is given a preliminary dose of % grain (O.OI Gm.) of morphine 
. ^ (0.0004 Gm.) of scopolamine two hours before operation, 

e same dosage is repeated one liour later or one hour before operation The 
position on the operating table is important to eifect the best exposure.' The 
patient is placed m the supine position, with his head turned as far as possible to 
the side opposite to the operative field. Sand bags or other measures to elevate 



Fig. 1. — The illustration shows line of incision infiltrated with procaine hydro- 
chloride anesthesia. Note the line of the incision about 1.5 cm. above the clavicle. 



Fig. 2. — The illustration shows the scalenus anticus muscle with the overlying 
phrenic nerve exposed by retraction forward of the posterior bellj'’ of the sterno- 
cleidomastoid muscle. 

the head or shoulder are inadvisable, since such manipulations tend to relax the 
scaleni. Rotation of the head to the opposite side, however, has two distinct 
advantages in that the sternocleidomastoid muscle is thrown forward, and the 
scaleni are placed under tension. The operative field is thoroughly prepared an 
draped. A 0.5 per cent solution of procaine hydrochloride is used. A w ea , 
extending from the posterior edge of the sternocleidomastoid muscle a ut . 
cm. above the clavicle backward to the anterior edge of the trapezius muscle, is 
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raised in the skin. The subcutaneous tissue and platysma muscle are thoroughly 
infiltrated, care being taken not to inject any of the solution into the external 
jugular vein that crosses the line of incision. This procedure requires from about 
IS to 20 cc. of the solution. After five minutes the incision in the skin is made 
along the line of infiltration, following one of the skin folds. Little bleeding 
occurs on incision of the skin and superficial laj^ers. The deep cervical fascia is 
then carefully divided, exposing the fatty tissue which is rich in blood supply. 
By careful blunt dissection the inferior belly of the omohj'oid muscle is brought 



Fig. 3. — The brachial plexus retracted forward, the omohyoid muscle upward 
and the transverse cervical vessels downward, exposing the scalenus medius and 
the scalenus posticus muscles. 



Fig. 4. — Same exposure as figure 3, showing the scalenus posticus muscle ready 
for division. 

into view. This muscle serves as a useful landmark; the anterior portion, as it 
passes beneath the sternocleidomastoid muscle, overlies the scalenus anticus, which 
can be well demonstrated at this point by having the patient attempt to lift his 
head from the pillow. This movement brings all of the scaleni into relief by 
increasing their tension. Just above the point of crossing the sternocleidomastoid 
and the omohyoid muscles, the phrenic nerve will be seen on the anterior surface 
of the scalenus anticus directly beneath the muscle sheath. This also serves as a 
further useful landmark. About 1 cm. posterior to the insertion of the scalenus 
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anticus will be found the insertion of the larger scalenus inedius. Lying between 
these muscles close to the first rib is the subclavian artery. The scalenus posticus 
IS m close apposition to the medius, and it is not always possible to identify posi- 
tively each as a separate muscle. 

In exposing these muscles, care must be taken not to injure the brachial plexus 
or the transverse cervical vessels. By careful retraction this can be done without 
pam to the patient. When all the insertions are located, each muscle is infiltrated 
with a small amount of the procaine hydrochloride solution. They are then gradu- 
ally separated from the surrounding structures until a straight aneurysm needle 
can be hooked beneath them. For dividing the muscles, the cautery knife is 
superior to the scalpel. Because of the coagulating effect of the former, there is 
little or no bleeding. During the division of the several scaleni, all important 
adjacent structures must be protected. Following their division, the field is care- 
fully inspected for hemostasis, and the deeper layers are then closed by interrupted 
sutures of 0 plain catgut in the platysma muscle. The skin is sutured with a 
running subcuticular stitch, which is removed on the fifth day leaving an incon- 
spicuous hair line scar. If the field is not entirely dry, a small rubber drain may 
be inserted, so that the excessive oozing of serum and blood will not collect 
beneath the skin. This drain should be removed after the first twenty-four hours. 

INDICATIONS FOR OPERATION 

The indications heretofore given for phrenic block have been numer- 
ous and diversified, but the results obtained depend on certain anatomico- 
physiologic alterations occurring within the thorax. At first it was 
thought that paralysis with subsequent rise of the diaphragm would 
benefit only basal lesions through compression. Time has proved this 
idea fallacious, because far removed lesions throughout the lung are 
benefited. This would not be true if the paralysis and the rise of the 
diaphragm induced merely compression phenomena. There is also a 
relaxation of the lung with a resultant contraction. The vital capacity 
is temporarily lowered, but this is soon compensated largely by the 
opposite lung. The other important muscles of respiration continue 
to function, and in these persons there is increased intercostal and 
scalene activity. The chief therapeutic effect is realized through the 
diminution in the size of the thorax in the longitudinal axis and in the 
relaxation of the affectgd lung. Further evidence of these circumstances 
is manifest by results which show that the degree of improvement is 
in direct proportion to the extent of rise of the paralyzed diaphragm. 
In the cases in which this rise is limited by complicating costophrenic 
adhesions, the results have been disappointing in the main. Rest is 
an enemy of tuberculosis, and when beneficial results have been pro- 
duced by therapeutic measures where this is not the chief factor, its 
addition should enhance their value. It seems especially important that 
the remote apical lesions due to previously mentioned respiratory phe- 
nomena should be benefited by this adjunct. The performance^ of 
simultaneous scaleniotomy and phrenic block seems from anatomico 
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physiologic considerations to be a logical procedure which does not 
depart in principle from the more conservative operations, namely, 
phrenic block and intercostal neurectomy. If phrenic block is carried 
out simultaneously with scaleniotomy, it is better to delay the former 
to the end of the combined operation to avoid the pain resultant from 
the evulsion of the nerve. 

Up to date, in seven cases, patients have been subjected to scaleni- 
otomy. In the first two cases, phrenic block was followed by 
scaleniotomy one week later. In the remaining five cases a combined 
operation was done. In every case there was a marked reduction in 
the respiratory excursion of the upper portion of the thorax. The 
caudad movement of the upper three ribs, which was recorded by 
Hoover on scalene paralysis or experimental section, has not been seen 
in any of these seven patients. An important observation in the five 
instances of combined scaleniotomy and phrenic exeresis was the con- 
stant absence of the increased upper intercostal movement, so commonly 
seen when the phrenic nerve alone is blocked or evulsed. 

These patients showed very little reaction following operation, and 
suffered little or no discomfort, except for a slight temporary stiffness 
of the neck with some limitation of motion owing to pain during the 
first twenty-four hours. This was not severe enough to necessitate a 
sedative. In one case a hematoma developed forty-eight hours after 
operation. This complication has not occurred since the cautery has 
been used for division of the muscles. There has been no resultant sign 
of deformity or permanent restriction of motion of the head and neck. 
In the cases in which the operation was done in two stages, scaleniotomy 
following phrenic block, the vital capacity showed a decrease of from 
8 to 9 per cent after scalene section. In one instance following 
scaleniotomy, the fever which previously had been continuously remit- 
tent, after the third day fell to normal, with a decrease in the sputum 
and marked subjective improvement. In the remaining cases the patients 
have not been under observation over a sufficient period of time to 
warrant final conclusions. 


COKCLUSIOXS 

1. Phrenic block has an established place in the surgical treatment 
for pulmonary tuberculosis, regardless of location. This measure may 
be useful either independently or as an adjunct to thoracoplasty. The 
utilization of phrenic block as a test of the patient’s recuperative power 
or resistance is a recognized procedure. 

2. The increased respiratory activity of the upper part of the thorax 
after paralysis of the diaphragm raises a question as to the physiologic 
soundness of the operation in apical lesions. 
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3. From experimental and clinical studies the scaleni have been 
proved to have an important relation to the respiratory activity of the 
upper part of the thorax. 

4. In a series of cases of pulmonary tuberculosis scaleniotomy has 
induced satisfactory immobilization of the involved apex. 

5. Combined scaleniotomy and phrenic block apparently answer the 
need for some surgical measure to induce apical rest coincident with 
paralysis of the diaphragm. When phrenic block has not effected the 
desired improvement, scaleniotomy may be performed as an adjunct 
of a conservative type at a later period, before resorting to a radical 
measure. 

6. The anatomic relationships render simple the combined operation 
(scaleniotomy and phrenic exeresis). 

7. Alone or combined with phrenic exeresis, scaleniotomy must be 
considered as a preparatory stage when more radical measures are 
inevitable. 

8. Through section of the scaleni, the first rib is subjected to the 
caudal pull of the intercostal muscles; therefore, when paravertebral 
thoracoplasty must subsequently be performed, the extent of the resec- 
tion of the first rib may be reduced and the desired effect obtained. 
Hence the technical difficulties in the surgical approach to this portion 
of the first stage of the thoracoplasty may be materially reduced.^® 

16. Since the manuscript of this paper was submitted, two articles have appeared 
in the continental literature closely paralleling our work and results, namely : 
H. Els (Zentralbl. f. Chir. 57:2228 [Sept. 6] 1930) and Koch, Els and Junkersdorf 
(Beitr. z. Klin. d. Tuberk. 75:772 [Oct. 3] 1930). 
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MINNEAPOLIS 

The consistent frequency with which gallstones or disease of the 
gallbladder have been found in association with acute pancreatitis has 
served to confirm the belief that biliary infection predisposes to pan- 
creatitis. Fitz, who recognized acute pancreatitis as a disease entity, 
was cognizant of a iirobable causative relationship between disease of 
the gallbladder and pancreatitis. 

In 1907, Egdahl found that gallstones were present in 42 per cent 
of 107 reported cases. In a recent statistical study, Schmieden and 
Sebening found that gallstones were present in 69.8 per cent of a 
series of 1,278 cases of acute pancreatitis collected from 104 German 
surgical clinics, from 1919 to 1927. That disease may be present in 
the gallbladder in the absence of gallstones in no small number of cases 
is evidenced by the number of instances in which cholecystectomy is 
performed in the absence of cholelithiasis. In 1919, W. J. Mayo stated 
that infected gallbladders and usually stones were present in 90 per 
cent of all cases of acute and chronic diseases of the pancreas in which 
operation was performed at the Mayo Clinic. It is significant, too, that 
in Schmieden and Sebening’s report, 65 per cent of the total number 
of instances of acute pancreatitis occurred in women, whereas a number 
of previous smaller statistical studies have shown a predominance in 
men. The latter observation is in agreement with the greater incidence 
of disease of the gallbladder in women. 

The importance of this frequent association is further emphasized 
by the fact that two commonly discussed etiologic factors of acute 
pancreatitis seek their explanation in a coexisting disease of the biliary 

* Submitted for publication, Sept. 23, 1930. 

* From the Department of Surgerj- of the University of Minnesota. 

* .A.cute pancreatitis and acute pancreatic necrosis have been used interchange- 
ably in this paper. The term pancreatitis is so well established in the literature 
that it would appear futile to substitute the more accurately descriptive designation 
of pancreatic necrosis. 
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tract. The acceptance of the reflux of biJe as an etiologic agent in 
acute pancreatitis centers about the observation of Opie that a gallstone 
lodged at the ampulla of Vater may convert the choledochus and duct 
of Wirsung into a common channel and permit the retro/ection of bile 
into the pancreatic duct. Since Opie’s report in 1901, a large number 
of similar observations have been recorded. The experimental pro- 
duction of acute pancreatitis by the injection of bile into the pancreatic 
duct by many investigators has served to confirm the significance of 
Opie’s observation. 

Serious consideration of the lymphatic factor as an etiologic agent 
of acute pancreatitis dates from the experimental work of Maugeret 
in 1908. Though failing to effect an acute pancreatitis by producing a 
chemical cholecystitis in the dog folloAving the introduction of formalde- 
hyde and charcoal into the gallbladder, Maugeret believed that the 
swelling and interstitial edema of the gland demonstrated that infection 
may be propagated to the pancreas from the biliary passages by the 
lymphatic route. 

This suggestion soon found corroboration in the clinical observa- 
tions of Arnsberger, viz., that evidence of pancreatic injury may obtain 
in acute infections of the biliary tract. In this country, Deaver in 
particular has championed the belief that acute pancreatitis results 
through the spread of infection from the gallbladder to the pancreas 
by way of the lymphatics. Now, it is endorsed by many, and appears 
to have found substantial support in the experiments of Graham and 
Peterman. 

Recently, however, Kaufmann ^ stated that no experimental or clinical 
proof exists for the origin of acute pancreatitis through the medium of 
lymphangitis extending from infection in the gallbladder. In their 
monograph on "Diseases of the Gall Bladder and Bile Ducts” (1928), 
Graham and his associates stated that “we were probably in error in 
our former conclusion that we had demonstrated a lymphogenous origin 
of pancreatitis from a cholecystitis.” The virtual abandonment of the 
bile factor as an etiologic agent in the genesis of acute pancreatitis by 
Mann and Giordano ^ has dealt a severe blow to the other factor that 
made special recognition of a causative relation between the frequent 
association of disease of the gallbladder and acute pancreatitis. 

Clinically, the common factor or denominator (at least, far more 
frequent than any other single factor) of acute pancreatitis is disease 
of the biliary tract. For a long time, this fact has been recognized. 

1. Kaufmann, M. ; Surg. Gynec. Obst. 44: tS, 1927. . , t c o- 

2. Mann, F. C., and Giordano, A. G.: Bile Factor in Pancreatitis, Arch. Surg. 

6:1 (Jan.) 1923. 
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The mechanism through which disease of the gallbladder predisposes 
to pancreatitis has been in dispute. The denial of the existence of 
experimental proof for the genesis of pancreatitis through the reflux 
route as well as through a lymphatic origin necessitates a reconsideration 
of the relationship of disease of the biliary tract to acute pancreatitis. 

THE PROBLEM OF ACUTE PANCREATITIS 

At necropsy Chirari not infrequently observed necrosis in the pan- 
creas of patients in whom during life no symptoms of acute pancreatitis 
had been present, and he formulated the idea of self-digestion as the 
cause of pancreatitis. Postmortem necrosis of the pancreas is readily 
differentiated from actual pancreatic necrosis through the lack of cellular 
reaction in and surrounding the areas of necrosis. The proteolytic 
ferment of the pancreas, trypsinogen, is inactive in the pancreas and 
normally acquires the power to digest protein only when rendered active 
by succus entericus in the duodenum. Collection of the secretion from 
a pancreatic fistula has determined the accuracy of this observation for 
man as well as for the dog. A number of substances, however, exhibit 
the ability to convert trypsinogen into active trypsin. Experiment in 
vitro has determined that calcium salts (Delezenne), pressed liver juice 
and amino-acids (Wohlgemuth), as well as a number of other sub- 
stances, possess this property. According to Delezenne, Furth and 
Schiitz, bile activates trypsinogen only when the pancreatic juice already 
exhibits a slight digestive action for protein, and Lattes found bacteria 
and leukocytes to have practically no activating influence for trypsino- 
gen. Experiment in vivo, viz., injection into the pancreatic duct, has 
shown that of substances that concern the living organism, bile and 
duodenal content preeminently exhibit this property. 

Following the injection of sterile bile or duodenal content into the 
pancreatic duct, acute pancreatitis almost regularly ensues. Polya 
found that the injection of 1 cc. of active trypsin into the pancreatic 
duct resulted in acute pancreatitis, whereas the injection of inactive 
substances such as inactivated trypsinogen, physiologic solution of sodium 
chloride or blood serum, even to the extent of rupture of the ducts, failed 
to produce the disease. 

Rosenbach produced hemorrhages in the frog’s tongue following the 
lingual injection of active trypsin, and Kirchheim and Matthes observed 
local hemorrhage and edema following the injection of trypsin into the 
vein of the ear of a rabbit, as well as hemorrhages and edema in the 
lungs. Trypsin, then, apparently possesses the property of digesting 
living tissue. Camus and Gley have been able to collect active trypsin 
from the pancreatic duct under the influence of stimulation of the vagus. 
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The presence of active trypsin in the pancreatic ducts alone, however 
l^slLr^ s^’fficient criterion for the production of the 

The study of the problem of acute pancreatitis, therefore, resolves 
Itself ,nto a consideration of how the pancreatic ferment may become 
activated within the gland so as to permit of self-digestion under condi- 



Ducl'us cKolcdocbuj 



Duchus _ 
cholcdo- 


Ductus pa.n- 
crcaticus 
(^ir^un^i) 


Pa.pilla. of 
Vater 


— Ligature of duct 
deep la o/all of 
doodenum^ 


Route - 
of fade 
forced 
down by 
introduction 
of air in 
f undus of 
^a[l-bladder- 



A-. Cro55 section: relation of duct of Wirsun^ to common duct and papilla of Vater 
B. ” " “ ■’ ducts with papilla of Vhter tied oft 

Fig. 1. — Establishment of a common channel of the common bile and pancreatic 
ducts by placement of a ligature at the ampulla. Overdistention of the gallbladder 
with air causes contraction and emptying of the gallbladder with projection of bile 
into the pancreatic duct. An intravesical pressure in the gallbladder of 60 ww. 
of mercury is necessar 3 '^ to effect evacuation, but retrojection of bile into the pan- 
creatic duct from the choledochus occurs at pressures ph 3 'siologic for the biliary 
tract (from 210 to 240 mm. of pressure of bile in the common duct). 

tions that come within the scope of functional or anatomic alterations 
in the human organism. In this report, we have been concerned primarily 
with an investigation of the rejected bile and lymphatic factors. 
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METHOD OF STUDY 

These experiments, extending over five years, were done almost 
entirely on cats. Two hundred and eighty-nine animals were used ; only 
ten dogs were used, and only in those experiments concerned with the 
effect of trauma in the genesis of pancreatitis. The cat is favorable for 
the investigation of the biliary reflux factor, in that the major pan- 
creatic duct empties into the terminal end of the choledochus. By 
careful incision of the duodenal wall over the terminal end of the common 
bile duct, an extramucosal exposure of this point of union is easily made, 
and a ligature placed distally converts the two into a common channel. 
When this study was first commenced we were interested in determining 
whether normal bile projected into the pancreatic duct under the influ- 
ence of the contraction of the gallbladder would give rise to an acute 



Fig, 2. — Establishment of a common channel of the common bile and pancreatic 
ducts with a gastrostomy tube in the stomach for feeding. A high incidence of 
pancreatitis was obtained by feedings of milk, cream and olive oil (fifteen of 
thirty-one, or 48.7 per cent). After excision of the gallbladder, this incidence 
was reduced (three out of eleven, 27.2 per cent) with feedings of fat, but was still 
higher than when dextrose, alcohol or protein were fed with the gallbladder in 
situ. 

pancreatitis. The ejection of bile from the gallbladder was effected 
by overdistending this viscus by the introduction of air into the fundus 
with a fine hypodermic needle and a syringe. Following overdistention 
of the gallbladder, the latter contracted, and droplets of bile and air 
together passed over into the pancreatic duct, usually only into the 
beginning of the pancreatic duct, but occasionally well into the duct in 
the midportion or tail of the gland. In a few cats, methylene blue 
(methylthionin chloride, U. S. P.) was injected into the gallbladder 
instead of air, and the pressure at which the methylene blue-stained 
bile was regurgitated into the pancreatic duct was ascertained as well 
as the pressure necessary to effect an emptying of the gallbladder. 
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A number of experiments were also performed in which a common 
channel was established by placing a ligature at the ampulla, but without 
introducing anything into the biliary duct system. A gastrostomy of 
the Witzel type was done in these cats, and frequent feedings of milk, 
cream and^ olive oil and bile salts were given through the gastrostomy 
tube to effect a contraction of the gallbladder. The effect of feedings 
of dextrose, alcohol and a diet high in protein through a gastrostomy 
tube in cats with a common channel of biliary and pancreatic duct was 
studied. In another series of cats, fatty meals were administered 
through the tube after excision of the gallbladder. 



Fig. 3. — Normal pancreas of a cat; X 250. 


In several cats, infection was established in the biliary passages by 
making an anastomosis between the stomach and the gallbladder. Chole- 
cystitis and cholangeitis were almost constant accompaniments follow- 
ing cholecystogastrostomy. In some of these experiments, the major 
pancreatic duct also was tied. In a number of other cats, bacteria and 
gauze or unsterile human gallstones and gauze were placed in the gall- 
bladder. Ligation of the major pancreatic duct was also performed 
in a few of these procedures. In these experiments, we were anxious 
to determine whether the establishment of acute infection in the biliary 
tract would result in acute pancreatitis. In a few instances, bacteria 
were injected directly into the substance of the pancreatic gland. 

The influence of a combination of factors which were ineffective in 
producing pancreatic necrosis when operating as single factors was a so 
ascertained, such as ligations of the pancreatic duct plus the subcutaneous 
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Fig. 4. — Fat necrosis of the omentum with leukocytic wall after the projection 
of bile into the pancreatic duct consequent on overdistention of the gallbladder in 
the presence of a common channel of the common bile and pancreatic duct ; X 250. 



Fig. 5. — Pancreatic necrosis after the same procedure as in figure 4. The loss 
of contour of pancreatic acini with dissolution of the pancreatic substance is well 
shown; X 100. 
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administration of pilocarpine in physiologic doses; injections directly 
into the pancreatic substance plus ligations of the pancreatic duct or 
chemical stimulation of the vagus with pilocarpine. 

In several cats and dogs, trauma to the pancreas was caused by 
complete division of the gland, division of the major ducts or crushing 
of the gland with a crushing clamp. 

All experiments were done under ether anesthesia with aseptic 
technic. In the animals that died, necropsy was, performed, usually 
directly following the death of the animals ; a number were killed when 
it was apparent that death was imminent. In each experiment the pan- 
creas was examined grossly and microscopically for evidence of pan- 
creatic necrosis. Blocks of pancreatic tissue were embedded in paraffin 
and the sections were stained with hematoxylin and eosin. 

SUMMARY OF RESULTS 

The outcome of the experiments appears in the accompanying tables, 
and will not be described in detail. All the gross criteria of pancreatic 
necrosis, viz., hemorrhage in the pancreas, subperitoneal fat necrosis 
and free fluid in the peritoneal cavity did not occur in many instances. 
In four of the thirteen instances in which a common channel of pan- 
creatic and common bile ducts was established and retrojection of 
bile obtained into the pancreas under the influence of contraction of 
the gallbladder brought about by overdistending this viscus with air, 
gross hemorrhages were apparent in the pancreas. 

In one animal, death occurred about twenty minutes after the animal 
had fully recovered from the anesthesia or about an hour after comple- 
tion of the operation. In this instance, bile could be seen in the tail of 
the pancreas, and small hemorrhages were present throughout the gland. 
No fat necroses, however, were apparent,^ but microscopic evidence 
of necrosis in the peripancreatic fat was present. 

In two of these, the pancreas was fiery red throughout its gi'eater 
portion. Hemorrhagic fluid in the peritoneal cavity was present in 
one of these cats. Gross hemorrhages were also seen in the instances 
in which active tryptic ferment was injected into the pancreatic duct as 
well as after the direct injection of bile into the pancreatic duct. In 
the majority of the experiments, therefore, the single gross evidence 
of pancreatic necrosis present was fat necrosis over the pancreas. In 
each instance, however, the pancreas was examined microscopically with 
extreme care, to make certain that microscopic evidence of actual 

3. Following the production of acute pancreatic necrosis in^ dogs, Seidel 
found that fat necroses were present only when the period of surviva was more 

than twelve hours. 
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pancreatic necrosis was present. The necessity for differentiating post- 
mortem autolysis from pancreatic necrosis has been referred to, and 
in each instance in which fat necroses over the pancreas were observed 
grossly and no microscopic cellular reaction was found in the pancreas 

Table 1. Establishment of a Common Channel of Bile and Panereatic Ducts by 

Ligature at Ampulla 



Type of Operation 

Number of 
Experiments 

Positive 

Gross 

Changes 

Positive 

Microscopic 

Changes 

1. 

Simple ligature at ampulla 

7 

1 

1 

2. 

With injection of air 

13 

8 

8 

3. 

With infection of gallbladder with agar strep- 
tococci and gauze 

4 

3* 

1 

4. 

Common channel plus gastrostomy and feed- 

togs' of ercani, ofrve oh' and bile saffs 

Same as 4 but feedings of dextrose 

31 

18 

isr 

5. 

9 

9 

2 

6. 

Same as 4 but feedings of alcohol 

9 

2 

2 

7. 

Same as 4 but feedings of protein 

33 

0 

0 

8. 

Same as 4 but with excision of gallbladder 

11 

3 

3 

9. 

Same as 4 plus infection of gallbladder 

19 

5 

5 

10. 

Same as 4 plus daily subcutaneous injections 
of 1 mg. of pilocarpine hydrochloric acid.... 

G 

G 

3 

11. 

Same as 4 plus injection of iodized oil into 
gallbladder 

G 

3 

It 

12. 

Same as 4 plus injection of 2 cc. of pancreatic 
extract into galibiaddcr 

3 

1 

1 


* Tivo were postmortem necroses, 
t No roentgen evidence of reflux into pancreatic ducts. 


Table 2. — Injection into Pancreatic Duct Followed by Duct Ligation 


Fluid Injected 

Number of 
Experiments 

Positive 

Gross 

Changes 

Positive 

Microscopic 

Changes 

■RiTfi 


5 

5 



3 

3 

Saline 

13 

3 

1 


Table 3. — Ligation of Major Pancreatic Duct 


1 . 

2 . 


3. 

4. 


NumOer of 

Type of Operation Experiments 

Ligation of major pancreatic duct........ 6 

Same as 1, plus daily subcutaneous injection of 

pilocarpine hydrochloric acid, 1 mg G 

Same as 1, plus infection of gallbladder 33 

Same as 1, plus infection of gallbladder plus 

gastrostomy and feeding of fat 4 


Positive Positive 

Gross Microscopic 

Changes Changes 

0 0 


1 


or in the gross areas of fat necroses themselves, the result has been 

counted as negative. . • 

Injection of bile into the pancreatic duct terminated similarly m 
the five exoeriments in which this procedure was practiced (table 2). 
In one cat, die injection of physiologic solution of sodium chloride into 
the pancreatic duct, followed by its ligation, terminated in the dea i 
of the animal (table 3). Scattered fat necrosis and microscopic eviden 
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Fig. 8. — Interstitial edema of the pancreas after the injection of bacteria into 
the gland. A similar tj-pe of reaction may be seen following infection of the gall- 
bladder; X 250, 



Fig, 9. — Necrosis in the pancreas of a cat and marked cellular reaction follow- 
ing ligation of the major pancreatic duct and daily subcutaneous administration 
of pilocarpine; X FM- 
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of damage to the pancreas were present in this instance. Attending the 
isolation of the duct, however, considerable trauma had occurred to 
the gland. Similar injections of the solution into other animals failed 
to produce acute pancreatitis. 

Following cholecystogastrostomy, infection of the gallbladder regu- 
larly followed, and cholangeitis with abscesses of the liver was occa- 
sionally observed. The presence of intestinal worms in the gallbladder 
following such an anastomosis was not an infrequent observation. 
Although acute infection of the peritoneum occurred not infrequently, 
following the establishment of acute infection in the biliary passages 
by this method or after the introduction of septic foreign bodies into 


Table 4. — Infections of Gallbladder 



Type of Operation 

Number of 
Experiments 

Positive 

Gross 

Changes 

Positive 

Microscopic 

Changes 

1. 

Simple infection of gallbladder 

18 

1* 

1* 

2 , 

Same as 1, plus pilocarpine, 1 mg. subcutane- 
ously 

8 

0 

0 

3. 

Same as 1, plus gastrostomy and feeding of fat 

9 

1 

0 

4 . 

Same as 1, plus gastrostomy plus pilocarpine 
subcutaneously 

3 

0 

0 

5. 

Same as 1, plus ligature at ampulla (see table 
1, no. 3) 

4 

3 

1 

0 . 

Same as 1, plus ligature at ampulla, plus gas- 
trostomy and feeding of fat (see table 1, 
no. 5) 

19 

5 

5 

7. 

Same as 1, plus ligature of pancreatic duct (see 
table 3, nos. 3 and 4) 

13 

s 

2 

8. 

Same as 7, plus gastrostomy and feeding of fat 
(see table 3, no. 4) 

4 

2 

1 

9. 

Cholecystogastrostomy 

5 

0 

0 

10. 

Same as 9, plus ligation of major pancreatic 
duct 

6 

2 

0 


* In this animal bile was grossly evident in pancreatic ducts, a demonstration of the 
possibility of reflux in the absence of mechanical block at the ampulla. 


the gallbladder, only once was positive evidence of pancreatitis obtained, 
and in this instance bile was seen in the pancreatic ducts despite the 
absence of organic obstruction at the ampulla. When the major pan- 
creatic duct was ligated, in addition to the establisment of the biliar} 
infection, definite evidence of pancreatic injury was obtained in a few 
instances (table 4). Not uncommon observations following the estab- 
lishment of biliary infection were a loss of definite contour of the 
pancreatic acini, with an edema or swelling of the interstitium. Hemor 
rhage, pancreatic necrosis or fat necrosis with microscopic cellular 

reactions, however, were not seen. 

In one instance, following the direct injection of bacteria into the 
gland definite microscopic evidence of necrosis was present thirty days 
later.’ However, when the animal was killed it was found to be in 
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good health, and no gross evidence of acute pancreatitis was present at 
autops3^ In one dog in which biopsy was done on the pancreas a little 
more than two hours after the injection of bile into the substance of 
the gland, the pancreas appeared hemon'hagic, and definite microscopic 
evidence of necrosis of the gland was present. In another dog, though 
the animal survived and no marked gross alteration in the gland was 
seen, microscopic examination demonstrated acinar destruction. 

Though death of the animal not infrequently followed pancreatic 
division or crushing, a definite acute pancreatitis occurred only once. 
The escape of pancreatic juice into the peritoneal cavit}- in the presence 



Fig. 10. — Fibrosis of the pancreas after crushing with a Payr clamp; X 100- 

of the trauma incident to operation did, as one should expect, frequently 
result in the death of the animal. In such instances, fat necroses were 
often present, but the pancreatic gland itself remained normal. 

COMMENT 

In the procedures in which acute pancreatitis followed the injection 
of bile into the pancreatic duct, or its retrojection under the influence 
of contraction of the gallbladder, the time factor required for the 
production of the disease requires comment. It need scarcely be men- 
tioned that the death of the animal following the establishment of a 
common channel of bile and pancreatic ducts does not signif}- a positive 
result. That small animals, such as the cat. survive occlusion of the 
common bile duct for only a short time is well known. 
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It was noted, however, that even though pancreatic necrosis occurred 
in all five instances in which bile was injected into the major pancreatic 
duct, followed by ligature of the duct, the period of survival was longer 
than in the animals in which the acute pancreatitis was produced by 
overdistention, and the subsequent contraction of the gallbladder, in 
the presence of a common channel. Undoubtedly, the absence of obstruc- 
tion to the choledochus, when the injection is made directly into the 
pancreatic duct, permits of a longer survival. 

The establishment of a common channel alone by ligation beyond 
the point of juncture of the two ducts was followed by a positive result 






Fig. 11. — Necrosis of the pancreas with cellular reaction following the estab- 
lishment of a common channel of the common bile and pancreatic ducts by place 
ment of a ligature at the ampulla and feeding of fatty meals through a gastrostomy 
tube; X 100. 

only once in the seven instances in which this procedure was done. In 
the thirteen experiments in which an emptying of the gallbladder was 
effected by the injection of air into the gallbladder, a positive resu 
was noted eight times. In five other cats, the pressure at wnci 
regurgitation occurred was ascertained by inserting a nee e into 
common bile duct just proximal to the ligature at the ampu a,^ 
distal to the point of juncture of the pancreatic and bile ucts. 
manometer was employed to measure the pressure. e y 
instead of air was then introduced into the gallba 
Liter syringe through a needle puncture in the fundus o 
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The tension in the gallbladder was measured with a mercury manometer. 
The pressure necessary to effect a contraction and emptying of the 
gallbladder was surprisingly great. The lowest intravesical pressure at 
which emptying of the gallbladder occurred under the influence of 
overdistention was 60 mm. of mercury; in one instance, a pressure of 
80 mm. of mercury was necessary to effect contraction and emptying. 
However, regurgitation of bile from the common bile duct into the 
pancreatic duct occurred at much lower pressures. In one instance, 
slight regurgitation occurred at a pressure of 190 mm. of water. In 
the other experiments, regurgitation began at a pressure of from 210 to 
240 mm. of water. Following contraction of the gallbladder, the 
pressures in the common bile duct rose suddenly to from 350 to 570 mm. 
of water and occasionally to as high as 800 mm. At pressures of from 
350 to 570 mm. of water in the common bile duct, regurgitation into 
the pancreatic duct was I'egularly. observed. 

Later, however, we found that pancreatic necrosis could be produced 
with a fair degree of regularit)'- by effecting a contraction of the gall- 
bladder under the influence of a fatty meal of cream and olive oil fed 
through an opening produced by gastrostomy.'^ In the thirty-one instances 
in which this opei'ation was done, positive evidence of pancreatic necrosis 
was obtained fifteen times. The rarity with which evidence of pancreatic 
necrosis was observed following simple establishment of a common 
channel of the bile and pancreatic ducts by placing a ligature at the 
ampulla (once in seven experiments) and its more frequent occurrence 
(fifteen times in thirt)'-one experiments) when fatty meals were added 
by feeding through a gastrostomy tube bespeaks the significance of the 
easier activation of the pancreatic ferment at the height of digestion. 
That the contraction of the gallbladder under the influence of the fatt}'’ 
meal may in pai't have been responsible for this increased frequency 
with which pancreatitis occurred following the establishment of a com- 
mon channel of bile and pancreatic ducts, although no roentgen evidence 
of the regurgitation of bile from the gallbladder into the pancreatic 
ducts was obtained following preliminary injections of iodized oil into 
the gallbladder, is indicated by the lessened incidence of pancreatic 
necrosis after the excision of the gallbladder (three of eleven cats). 
Also, feedings of dextrose or alcohol failed to cause pancreatic necrosis 
with as great regularity as a fat diet. In thirteen cats in which a 
common channel was established, the feeding of protein failed to pro- 
duce pancreatitis in a single instance. Hillyard = has indicated that 
feeding of the protein increases the secretion of bile more than any 


4. Leven and Wangensteen:' Proc. Soc. Exper. Biol. & Med. 27:565, 1930. 

5. Hillyard: Proc, Staff Meet. Mayo Clin. 5:127, 1930, 
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othei type of food. The series of cats fed fatt}^ meals has been aug- 
mented to thirty-one animals, through the performance of experiments 
on three series which together equal in number those fed on a 
carbohydrate diet, in order to make certain that the incidence of 
pancreatitis after the feeding of fat occurred uniformly with such 
regularity. 

The frequency with which this occurrence was observed after the 
feeding of fatty meals together with its lessened frequency after excision 
of the gallbladder senses to emphasize the significance of the contraction 
of the gallbladder for the development of pancreatitis in the presence of 
a common channel of pancreatic and common bile ducts. Though 




Fig. 12. — Drawings of usual types of union of common bile and pancreatic 
ducts in man (from Corning). 


the factor of more effective activation by bile of the tryptic feiment of 
the pancreas in animals fed on a fat diet is not excluded, it appear^ 
unlikely that the latter possibility is of any moment, especially as when 
feedings of fatty meals through a gastrostomy tube were giren to 
animals with infection of the gallbladder (table 4, no. 3) negative resu ts 


were obtained in all of nine trials. 

Reflux of Bile. —That the mechanism of the regurgitaOon of bile 
into the pancreatic duct, through the agency of a gallstone impactec in 
the ampulla, accounts for only a minority of cases of acute ^ 

needs no emphasis. In an inquiry made by Guleke m 19-4, on 
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of acute pancreatitis collected from 38 German surgical clinics, calculous 
obstruction at the ampulla was present in only 1.4 per cent of the total 
number. In Schmieden and Sebening’s larger and more recent statis- 
tical study of 1,278 cases, 4.4 per cent exhibited a gallstone at the papilla. 
Stones were present in the common bile duct in 5 per cent of Guleke’s 
cases, and in 13.6 per cent in Schmieden and Sebening’s cases. Even 
when cognizance is taken of the fact that the obstructing calculus may 
have slipped back into the common duct or may have been extruded 
into the duodenum (Williams and Busch, Zoeppfel and others), it is 
apparent that the reflux of bile through such an agency accounts for 
only a small proportion of cases of acute pancreatitis. 

In their study, Mann and Giordano found that the anatomic possi- 
bility for a reflux of bile into the pancreatic duct obtained in only 3.5 
per cent of 200 cadavers. Most anatomic investigations have shown 
that a common ampullary termination of the choledochus and major 
pancreatic duct occurs in the majority of instances. Opie found such 
a communication in 89 of 100 cadavers ; Baldwin observed a common 
ampulla in 70 of 90 dissections (78 per cent), and in 32 of 43 specimens 
examined by Ruge (75 per cent), a common termination of the two 
ducts existed. 

Opie recognized that the possibility for a reflux of bile did not 
obtain in each instance in which an ampulla was present, but believed 
that such a regurgitation could occur in about one third of the cases. 
By injecting a dye opaque to the roentgen rays directly into the distal 
portion of the pancreatic duct, in the tail of the gland, Schmieden and 
Sebening found that a filling of the choledochus occurred in 8 of 35 
instances (22.8 per cent). 

We should like to refer to the experiments of Cameron and Noble,® 
reported from this laboratory with reference to the possibility of such 
a reflux. They introduced a small biliar}^ calculus, 3 mm. in diameter, 
into the hepatic duct of 100 fresh necropsy specimens, and pushed the 
calculus into the terminal portion of the choledochus. The hepatic duct 
was then connected with a reservoir of water and a manometer, and 
water was forced into the hepatic duct at a pressure of about 100 mm. of 
water. In 66 instances, a reflux of bile occurred into the pancreatic 
duct. In 74 of the 100 instances, an ampullary communication was 
present ; in 8 of these, the duodenal orifice was so large that the calculus 
was extruded into the duodenum. It is evident, therefore, that the 
anatomic possibilit}^ for this reflux obtains with far greater frequenc}^ 
than the measurements made by Mann and Giordano on specimens fixed 
in formaldehyde would indicate. 

6. Cameron, A. L., and Noble, J. F. : Reflex of Bile up the Duct of Wirsung 
Caused by an Impacted Biliary Calculus, J. A. !M. A. 82:1410 (j\Iay 3) 1924. 
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Archibald has adequately demonstrated for the cat that the sphincter 
of Oddi can withstand pressures that would permit the regurgitation 
of bile into the pancreatic duct, in the absence of organic obstruction 
at the ampulla. Mann and Giordano, however, were unable to produce 
pancreatitis when bile was run into the pancreatic duct under gravity 
pressure, at pressures physiologic for the biliary tract. 

Mann and Giordano found that the intraductal pressure in the 
choledochus of the dog rarely exceeded a pressure of 350 mm. of bile. 
Bile is secreted continuously, whereas pancreatic juice is secreted inter- 
mittently, but at pressures similar to those in the biliary tract, according 
to Mann and Giordano. In unanesthetized dogs during digestion. Harms, 
of Guleke’s clinic in Jena, has recently reported higher pressures in the 
pancreatic duct than in the common bile duct. This observation, Guleke 
believes, is further evidence against the reflux of bile as a frequent 
etiologic factor of acute pancreatitis. Although the onset of acute 
pancreatitis not infrequently follows fairly directly the ingestion of an 
unusually large meal, bile cannot be regurgitated into the pancreatic 
duct under normal circumstances ; if that were possible, many of us 
would live in constant dread of this potential danger. Mann and Gior- 
dano have shown, however, that during retching or vomiting, the pres- 
sure in the choledochus may attain 1,000 mm. of bile. 

Westphal was able to demonstrate in several laboratory animals that 
electrical stimulation of the vagus or of the sympathetic causes disturb- 
ances in the tone of the gallbladder and its ducts, as well as in the 
sphincter of Oddi. Such changes were also elicited following the 
administration of drugs that influence the sympathetic or paras 3 anpa- 
thetic nerves. Disturbances in the contractile tone of the biliary ducts 
and ampullary sphincter mechanism have been called into question by 
Westphal as the stasis factor contributing to the formation of gallstones. 
This opinion is shared by Aschoff and has also received the approbation 
of others. Rost expressed the belief that in many instances of icterus 
without demonstrable mechanical obstruction a disturbance in the 
sphincteric arrangement at the terminal end of the common bile duct 
may be responsible. 

Giordano and Mann recently found a thickening of the terminal 
end of the common bile duct, with an increase in muscle tissue in some 
instances of duodenal ulcer and cholecystitis. They suggested that this 
thickening may cause loss of function or spasm. In the latter e\ent, 
however, they are of the belief that both the pancreatic and common bile 
ducts would be occluded. 

7. Giordano. A. S., and Mann, F. C: Sphincter of Choledochus, Arch. Path. 
4:493 (Dec.) 1927. 
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That an imbalance in the musculonervous control at the ampulla 
might opei'ate to effect a regurgitation of bile into the pancreatic duct 
is easily understandable. That regurgitation of bile actually occurs 
through such an agency, however, remains to be demonstrated. 

Archibald’s production of a regurgitation of bile in the cat concerns 
acute experiments under artificial circumstances. We have been unsuc- 
cessful in many attempts to effect such a regurgitation in the cat in the 
absence of a mechanical block at the ampulla. In one instance, however, 
following the establishment of infection in the gallbladder, regurgitation 
occurred without the existence of an obstruction at the ampulla (table 
4, footnote). 

The more frequent regularity with which pancreatic necrosis may 
be produced by injections of bile, duodenal content or other substances 
into the pancreatic duct, at the height of digestion, has been noted by 
many investigators. It has already been pointed out that acute pan- 
creatitis is found to have its onset directly following a large meal, and 
often a fatty meal, and the increased frequency with which pancreatitis 
was produced in the presence of a common channel of pancreatic and 
common bile ducts when fat was fed and the decreased incidence after 
excision of the gallbladder lend credible support to the contraction of 
the gallbladder as being the significant factor rather than the perform- 
ance of the experiments at the height of digestion. It is well known 
that patients with disease of the gallbladder are usually intolerant of 
fatty foods. 

It has already been indicated that trypsin has the power to digest 
living tissue. In connection with the consideration of the biliary factor, 
it should also be recalled that Tatum ® was able to demonstrate a marked 
cytolytic activity for bile on tissue by immersing small blocks of various 
tissues in bile at body temperatures. Sellards “ observed local necrosis 
following the injection of bile into the salivary glands, and Binet has 
made the same observation for bile introduced subcutaneously. Follow- 
ing the direct injection of bile into the pancreas, we noted microscopic 
necrosis and hemorrhage in the gland. This activit}'- of bile, combined 
with the injur}^ to the smaller ducts in the pancreas attending ampullary 
occlusion, is undoubted^ a factor that aids the dissemination of the 
activated pancreatic ferment throughout the gland, resulting in its 
digestion when bile is I'etrojected into the pancreatic duct. 

In connection with the factor of the reflux of bile as a causative 
agent of acute pancreatitis, the possibility of an ascending infection 
from the duodenum should be mentioned. It has been adequately 
demonstrated that the injection of duodenal content into the pancreatic 

8. Tatum : J. Biol. Chem. 27:243, 1916. 

9. Sellards: Bull. Johns Hopkins Hosp. 19:268, 1908. 
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duct may cause acute pancreatitis. Although Seidel has shown that the 
estahlishment of duodenal obstruction in the dog may permit the regurgi- 
tation of duodenal content into one of the pancreatic ducts, the origin 
of acute pancreatitis in man, through such an agency, is undoubtedly 
an uncommon event, even though the duct of Santorini opens into the 
duodenum without a sphincteric closure mechanism. Williams and 
Busch found that the discharge of a gallstone through the ampulla of 
Vater left the latter patulous, so that the possibility for regurgitation 
of duodenal content into the pancreatic duct was present. The occa- 
sional occurrence of acute pancreatitis in the presence of a duodenal 
diverticulum in juxtaposition to the terminal end of the common bile 
duct may have its explanation in such an origin. The migration of an 
intestinal parasite, especially the ascaris, through the duodenal ampulla 
into the pancreatic duct, is not so unusual. Schmieden and Sebening 
stated that about fifty such instances are to be found reported in the 
literature. 

Lymphatic Factor . — As concerns the tymphatic factor, it is important 
that pancreatic necrosis did not once follow the establishment of acute 
infection in the biliary tract. Neither did we cause pancreatic necrosis 
by the direct injection of bacteria into the pancreas. Polya made injec- 
tions of bacteria into the pancreatic duct in twelve dogs, and only once 
succeeded in producing an acute hemorrhagic pancreatitis. Interstitial 
inflammation or abscesses not infrequently resulted. 

The frequency with which acute pancreatitis follows on a so-called 
“acute gallbladder attack” is well known. Many patients suffering from 
acute pancreatitis state that in its onset such an attack has been indis- 
tinguishable from previous similar attacks of disease of the gallbladder. 
However, when such patients come to operation, an acute inflammation 
in the gallbladder is usually not found, even though it may obviously 
be diseased and contain stones. In hyperacute cholecystitis, such as 
occurs in phlegmonous or gangrenous inflammations, the complication 
of clinical acute hemorrhagic pancreatitis is also unusual. It is in this 
latter type of inflammation in the biliary apparatus that one should 
expect to find the association of acute pancreatitis, if spread of the 
infection by the lymphatics played a prominent role in the etiology of 
acute pancreatitis. Lymphangitis in acute infections, especial!}^ those 
of a streptococcic nature, is a common occurrence, and spread of infec- 
tion by this route is generally feared. The absence of this danger in 
chronic infections is also generall)’’ conceded. 

Whereas Franke, Barthels and other earlier investigators ha^e 
declared the existence of direct lymphatic communication between the 
biliary apparatus and the pancreas, Kodama failed to observe them. 
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Kaufmaiiu has commented on the experimental proof that the investiga- 
tions of Graham and Peterman have lent to the lymphatic theory. Kauf- 
mann found that in those instances in which bacteria were present in 
the pancreas following intraportal injections of bacteria or the establish- 
ment of acute infection in the gallbladder a bacteremia was also usually 
^present. The more important consideration, however, is that isolation 
of bacteria from the pancreas is not synonymous with pancreatic necro- 
sis. The crucial test is whether or not an actual pancreatic necrosis 
follows. It has already been indicated that though cloudy swelling 
was a regular observation in the gland following the establishment of 
acute infection in the gallbladder, pancreatic necrosis did not once 
follow. 

In 1911, Arnsberger stated that since surgical intervention had been 
practiced more frequently for acute cholecystitis, edema and infiltration 
of the mesenteries in the upper part of the abdomen, as well as swelling 
and edema of the pancreas, were not infrequently to be seen. He was 
not certain, however, that this alteration in the pancreas concerned an 
actual pancreatitis, and referred to the fact that Kehr had previously 
designated the condition merely as pancreatic swelling. Arnsberger 
believed that it concerned infection going out to the pancreas from the 
biliary passages by way of the lymphatics, and described the condition 
as “lymphadenitis pancreatica.” 

More recently, Arnsberger reported four such cases, and described 
the presence of fat necrosis without demonstrable pancreatic necrosis. 
Zoeppfel also observed instances of the same character, but expressed 
the belief that this glassy edema and swelling of the gland, associated 
with fat necrosis, were the precursors of acute hemorrhagic pancreatitis. 
In two of four such cases seen by Zoeppfel during “acute gallbladder 
attacks,” biopsy showed no evidence of injury to the pancreatic cells. 

What Arnsberger and Zoeppfel observed and described would appear 
to correspond with what obtains in the experimental animal following 
the establishment of acute infection in the biliary tract.’^” Swelling and 
edema ma)^ obtain, but the well known picture of acute pancreatic 
necrosis does not occur. 

Zoeppfel’s belief that the edema and swelling of the pancreas observed 
occasional^ in so-called “acute gallbladder attacks” are precursors of 
actual hemorrhagic pancreatitis is an important consideration in the 
interpretation of the pathogenesis of acute pancreatitis, and cannot be 

10. In a recent article entitled “Acute Edema of the Pancreas (Ann. Surg. 
90:803, 1929), Archibald also called attention to these pancreatic changes, but 
stresses their occurrence as an accompaniment of regurgitations of bile that do 
not go on to pancreatic necrosis. DeWitt Stettin (Ann. Surg. 92:284, 1930) 
supports the contention of Zoeppfel that acute edema of the pancreas is a fore- 
runner of the more dangerous acute hemorrhagic pancreatic necrosis. 
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passed over lightly. If Zoeppfel’s contention is correct, the frequent 
association and relation of disease of the gallbladder to acute pancreatitis 
are at once understandable. 


As has been indicated, microscopic swelling and edema of the pan- 
creas are not uncommon accompaniments of acute inflammations of 
the gallbladder in the experimental animal. It is clear, however, that, 
these experimental pancreatic changes do not eventuate in acute pan- 
creatic necrosis. A sufficient number of observations regarding the 
frequency of these changes of swelling and edema following acute 
cholecystitis have not accumulated to indicate the regularity of their 
occurrence as accompaniments or complications of acute biliary infec- 
tion. In 115 cases of acute cholecystitis submitted to immediate opera- 
tion during the acute stage by Zoeppfel, 11 showed evidence of pancreatic 
injury. At least this much is true: With the widely practiced conserva- 
tive treatment for acute cholecystitis, even should these pancreatic 
changes obtain frequently, their termination in actual pancreatic necrosis 
must be an unusual occurrence ; otherwise, death from acute pancreatitis 
as a complication during the course of acute cholecystitis should be a 
frequent observation. On the contrary, the relative safety of using 
conservative treatment in most cases of acute cholecystitis is well known. 

The facts that the mortalit}' in the type of case referred to by 
Arnsberger and Zoeppfel is very low (no mortality in the eight cases 
reported b)'^ them in which operation was performed), and that even 
in cases of acute hemorrhagic pancreatitis in wliich operation is per- 
formed the day of inception of the symptoms this figure approaches 
50 per cent, would indicate that the two are fairly distinct entities. 

The belief that acute pancreatitis is not the result of infection, and 
that necrosis is the primary phenomenon, that hemorrhage and inflam- 
mation are secondary to necrosis, occasioned Opie and Meakins to 
substitute the name pancreatic necrosis. This designation has been in 
general use in German medical literature for many years. The term 
“acute pancreatitis” is employed in German medical literature for only 
that group of pancreatic diseases which are thought to have an under- 


lying inflammator}’’ etiology. 

To be certain, no strict pathologic distinction can be drawn between 
these forms of the disease. Hemorrhage in the gland in pancreatic 
necrosis is not a necessary accompaniment or a criterion of the grade 


of necrosis of the gland. In most cases of actual pancreatic necrosis, 
hemorrhages are present, but fatal instances in which no gross bleeding 
was present are well known. At the other extreme are those instances 
of pancreatic necrosis, commonly called pancreatic apoplexy, in vhich 
hemorrhage dominates the picture. The finding of bacteria in the pan 
creas in cases of actual hemorrhagic pancreatitis has been gi\en as 
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evidence of the bacterial origin of the disease fZoeppfel, Briitt). In 
early instances, however, bacteria are usually not found, and Tower 
found bacteria regularly in the peritoneal cavities of dogs following the 
fatal issue attending the pancreatic necrosis consequent on the extensive 
ligature of pancreatic vessels. Tower’s observations would indicate 
that infection was a terminal event. Guleke, who speaks from a con- 
siderable experimental as well as a broad clinical experience, is also 
in accord with this opinion. 

Acute pancreatitis of distinct inflammatory origin cannot be discussed 
at any length here, but it should be mentioned that acute purulent 
pancreatitis or abscess occasionally has its origin in infections in the 
biliary tract, spreading to the pancreas by way of the pancreatic duct, 
by extension through contiguit}’- or b}'- wa)' of the lymphatics. Metastatic 
abscesses during the course of acute infections such as diphtheria and 
scarlet fever, and especially mumps, are not unknown. Following the 
perforation of chronic peptic ulcer of the stomach, abscesses in the gland 
occasionally occur. The prognosis of suppurative lesions in the pan- 
creas, though serious, is, as many statistical studies have shown, better 
than in pancreatic necrosis. 

Combination Factors . — When the pancreatic ducts alone are 
obstructed, as Eppinger has shown, an accumulation of detritus occurs 
in the major ducts, resulting from the injury to the epithelium of the 
duct. Rupture of the acinar walls and hemorrhage in the interstitium 
may also occur. This damming back of secretion in the gland may be 
an important contributing factor in the genesis of acute pancreatitis. 
The occlusion of one duct would naturally not effect the changes in the 
gland observed following obstruction to both ducts, but in the human 
pancreas, as Opie has shown, the les.ser duct of Santorini is often 
functionless or practically so. Xordmann was able to produce acute 
pancreatitis in the dog only through the agenc\' of infection, when the 
entire outflow of secretion from the gland was blocked. 

Injury to the pancreas undoubtedly occurs through obstruction of 
the pancreatic duct, and under the influence of an activating agent for 
trypsinogen pancreatic necrosis may obtain. Hess claimed to have pro- 
duced acute pancreatitis, following occlusion of the pancreatic ducts, 
when the ligation was done at the height of digestion. Xearh- all other 
investigators are in accord, however, that ligation of the pancreatic 
ducts usually results in atrophy and a sclerosing process in the pancreas. 
Previous to the assertion of Camus and Gley that stimulation of the 
vagus results in the secretion of active trypsin from the pancreatic cells, 
Opie had already produced pancreatic necrosis in two cats following 

II. Tower, L. E. : Pathologic Physiology of Experimental Gangrenous Pan- 
creatitis, J. .A.. M. .A. 86:1112 (.April 10) 1526. 
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the ligation of both pancreatic ducts under the influence of chemical 
stimulation of the vagus with pilocarpine. More recently, Brocq and 
Binet were successful in three of four attempts to produce acute pan- 
creatitis in dogs by this method. 

Lattes has made the suggestion that the activation of trypsinogen 
is brought about by pancreatic necrosis, through whatever agent may 
cause necrosis of the gland. It was previously stated that Wohlgemuth 
found amino-acids capable of actir^ating trypsinogen in vitro, and Lattes 
found pancreatic tissue itself quite potent in this respect. Whereas, 
theoretically, damaged pancreatic tissue may activate the tryptic ferment 
of the gland, experiment on the living animal demonstrates that this 
activation is usually insufficient to produce acute pancreatitis. Although 
pancreatic damage as the result of trauma, ligation of the duct or 
chemical or bacterial injury may rarely cause pancreatic necrosis when 

Table 5. — Injections info Pancreatic Gland Substances 


Positive Positive 
Number of Gross Microscopic 
Material Injected Experiments Changes Changes 


1. Bile 

2. Saline 

3. Broth culture of killed typhoid bacilli 

4. Bile into pancreatic substance and saline into 

pancreatic duct 

5. Bile into pancreatic substance plus daily subcu- 

taneous injection of 1 mg. pilocarpine 

6. Bile into pancreatic substance plus ligation of 

major pancreatic duct 


11 (3 dogs) 1* (dog) 1 * 

5 2t 0 

3 (2 dogs) 0 1 (dog) 

6 6 0 

3 3 3 

4 2 2 


* In the instance in which evidence of pancreatic necrosis occurred the animal was killed two 
hours, twenty minutes after the injection. All other animals survived the injection, 
t Probably postmortem necrosis. 


operating as single factors, it would appear that a combination of such 
factors may produce the disease. 

When bile or bacteria were injected directly into the substance of 
the pancreas, microscopic evidence of pancreatic damage was obtained. 
All the animals survived the procedure, however, and the interstitial 
edema and swelling noted after the injection of bacteria into the gland 
and the occurrence of pancreatic necrosis and hemorrhage following 
the injection of bile were noted only after excision of a portion of the 
gland for biops}!^ from an animal that presented no unusual symptoms. 
When, however, bile was injected into the substance of the pancreas 
and saline through the pancreatic duct, a lethal outcome occurred in 
every instance (table 5, no. 4), wdth definite signs of pancreatic necrosis 
in each case. Similarly, when 1 mg. of pilocarpine was administered 
subcutaneously to animals into whose pancreas bile had been injected, 
a lethal pancreatic necrosis occurred in each instance (table 5, no. )- 
When bile was injected into the pancreatic substance and the major 
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pancreatic duct also was occluded, two of four such animals died with 
pancreatic necrosis. Following trauma to the gland, necrosis of the 
pancreas is an uncommon occurrence. In man, rupture of the pancreas 
in acute pancreatic necrosis has resulted in only a few instances. 

Whereas simple ligation of the major pancreatic duct alone failed to 
cause pancreatitis, in the six cats in which the major pancreatic duct was 
ligated and in which, in addition, pilocarpine was given subcutaneously, 
pancreatic necrosis was observed three times. The establishment of acute 
infection in the gallbladder and pilocarpine administered subcutaneously 
failed to produce the disease in eight trials. Feeding of fat through a 
gastrostomy tube in cats with acute infections of the gallbladder failed to 
bring about pancreatic necrosis in the nine cats in which this combination 
was tried (table 4, no. 3). Whereas in vitro infected bile activates 

Table 6. — Controls to Eliminate Trauma as a Factor 


Positive 

Number of Gross 
Experiments Changes 


A. Operative Procedures 

1. Isolation of points of union of pancreatic and 

common bile ducts at ampulla without liga- 
tion with feeding through gastrostomy tube 3 0 

2. Ligation of common bile duct proximal to junc- 

tion with pancreatic duct plus gastrostomy.. 9 0 

3. Gastrostomy and feeding alone .' — 3 0 


Positive 

Microscopic 

Changes 


0 

0 

0 


B. Direct Trauma to Pancreas 

1. Crushing with Payr stomach clamp... 

2. Transverse division of gland 

3. Division of major pancreatic duct... 


3 (2 dogs) 1 (cat) 1 

8 (2 dogs) 1 0 

i (1 dog) 0 • 0 


trypsinogen with greater facility than sterile bile, we failed to secure 
evidence that indicated that this obtained in the living animal. Sterile 
bile regurgitated into the pancreatic duct in the presence of a ligature 
at the ampulla produced pancreatic necrosis eight times out of thirteen 
trials in the injection experiments (table 1), and fifteen times out of 
thirty-one instances when feedings were added to the establishment 
of a common channel. In only five out of nineteen trials did pancreatic 
necrosis occur under the same conditions when the bile in the gallbladder 
was infected. Of the factors Avhich are impotent when operating as 
single agents but capable of producing the disease when acting jointly 
with another factor, obstruction of the pancreatic ducts, chemical stim- 
ulation of the A’^agus with pilocarpine and the presence of bile in the 
substance of the pancreatic gland appear to be the most important. The 
regularity with which pancreatic necrosis follows the injection of bile 
or pancreatin into the pancreatic duct (table 2, nos. 1 and 2) again 
bespeaks the importance of the effective activation of trypsinogen in 
the production of pancreatic necrosis. 
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Experimental investigations concerning the vascular factor in the 
production of the disease have shown that acute pancreatitis rarely 
follows unless the gland is extensively devascularized. Ligations of 
vessels, accompanied by plugging of some of the pancreatic vessels 
with air, lycopodium powder, oil, wax or other substances results in 
acute pancreatic necrosis, a method, however, which has no parallel in 
the living organism. Beneke postulated that pancreatic necrosis may 
be brought about by a temporary arrest of blood supply, such as may 
obtain through the agency of vessel spasm. He referred to experiments 
performed by Blume and himself, in which pancreatic necrosis was 
caused by squeezing the pancreas between the hands for twenty minutes. 
Undoubtedly, however, trauma is also an important contributing factor 
in such an experiment, without which pancreatitis could not have been 
produced. 

SUMMARY 

The retrojection of bile into the pancreatic duct under the influence 
of contraction of the gallbladder produces pancreatic necrosis in the 
cat, with a fair degree of regularityA We have been able to effect this 
regurgitation in the cat by establishing a common channel at the ampulla 
accompanied by the feeding of fatty foods through a gastrostomy tube 
without the introduction of any substance into the duct system. In the 
absence of an obstruction at the am'pulla, however, we have been unable 
to produce regurgitation of bile into the pancreatic duct. In man, reflux 
of bile into the pancreatic duct through the agency of a gallstone impacted 
at the ’ampulla has frequently given rise to acute pancreatitis, but this 
mechanism accounts for only a minority of instances of the disease. 
The anatomic possibility for such a reflux, however, obtains in a large 
percentage of persons, and it is possible that such a reflux may be 
conditioned through a disturbance in the sphincter-regulating mechanism 
at the ampulla. The actual occurrence of pancreatic necrosis through 
such an agency in man, however, remains to be demonstrated. 

Following the establishment of acute infection in the biliary tract, 
cloudy swelling of the pancreas is regular^ observed ; an actual acute 
pancreatic necrosis, however, does not result. Clinically, pancreatic 
injur}'^ of a similar character appears to be an occasional accompaniment 
of acute infections of the gallbladder. That these pancreatic changes 
are precursors of pancreatic necrosis and eventuate in actual pancreatic 
necrosis proof is lacking ; that in the presence of an activating influence 
for trypsinogen these pancreatic changes may eventuate in actual pan- 
creatic necrosis appears to be substantiated. 

The effective activation of tr)'^psinogen would appear to be the essen- 
tial factor in the production of the disease. Though pancreatic tissue 
and products of its disintegration may activate trypsinogen in vitro. 
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experiment on the living animal demonstrates that injury to the gland 
effected through ligation of the duct, infection or mechanical trauma 
is usually inadequate as a single factor to produce acute pancreatic 
necrosis. 

The results of this study indicate the direction of subsequent investi- 
gations, viz,, that the solution of the cause of probably a considerable 
number of instances of acute pancreatic necrosis is to be found in a 
combination of factors which when operating alone are inadequate to 
produce the disease. 
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ASCENDING URINARY INFECTION 

AN EXPERIMENTAL STUDY * 

WILLIAM J. CARSON, M.D. 

Instructor in Surgery, Marquette University 
MILWAUKEE 

The routes which infection ma}^ travel in reaching the ureter 
and kidne}^ from the bladder are; (1) regurgitation of the contents of 
the bladder through the ureterovesical orifice, (2) direct extension 
through the wall of the ureter, (3) extension of the infection by way 
of the l 3 anphatics and (4) by wa}^ of the blood stream. 

From the clinical standpoint, Rovsing,^ Israel," Stoeckel,^^ Albarran,^ 
Warschauer ® and others believed that a stagnating urinary column due 
to ureteral obstruction favored the upward spread of organisms. 

Rovsing ^ and Melchior® concluded: (1) that experimental cystitis 
could not be produced in animals without retention of urine or trauma 
to the bladder; (2) that with retention of urine experimentally pro- 
duced, pyelitis as a rule did not result, and (3) that trauma to the 
bladder with or without retention of urine produced pyelonephritis. 

Zeit and Peterson,® in 1899, transplanted the ureters into the 
intestinal tract in 141 dogs and found that infection of the kidney 
eventually took place. 

* Submitted for publication, Oct. 20, 1930. 

* Read before the Section on Urology at the Eighty-First Annual Session of 
the American Medical Association, Detroit, June 27, 1930. 

* From the Department of Preventive Medicine, A. 0. Smith Corporation. 
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Guyon and Albarran,® in 1890, injected charcoal into the bladder 
of dogs and ligated the urethra. They found charcoal in the pelvis 
of the kidne 3 ^s in forty-eight hours, and pyelonephritis in some of these 
animals. 

Lewin and Lewin and Goldschmidt,^^ in 1893, injected milk, air 
or' colored fluids into the bladder of rabbits with moderate intravesical 
pressure, and observed regurgitation of the contents of the bladder into 
the pelvis of the kidne 3 \ 

Courtade and Albarran,’^- in 1894, using dogs, repeated Lewin and 
Goldschmidt’s work and found that regurgitation of the bladder contents 
occurred ; but the 3 ’’ differed in their view as to what grade of intravesical 
pressure was most favorable to regurgitation. Sampson,^^ in 1906, 
working with dogs, was unable to confirm Lewin’s observations and 
concluded: “The reflex of urine from the bladder into the ureter ma 3 " 
be considered an etiological factor in the causation and maintenance of 
renal infection only when the intravesical portion of the ureter is dis- 
eased, thus impairing its function, or when some ureteral obstruction 
exists.” 

Hagner,^‘‘ in 1912, first observed regurgitation of fluid from the 
bladder to the kidney during ureteral catheterization. 

Kretschmer,^® in 1915, observed clinically regurgitation of the con- 
tents of the bladder into the ureter in cystograph 3 ^ Direct extension 
of infection from the bladder through the wall of the ureter has been 
shown experimentally b 3 '- Bauereisen. 

LYMPHOGENIC INFECTIONS 

Mascagni,^® in 1787, first described a ^miphatic connection between 
the ureter and the kidney. Teichman,^' in 1861, Sappey,^® in 1874, 
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Krause,^® in 1876, and Gerata,-® in 1897, showed by their method of 
injection that there was a direct communication between the lymphatics 
of the bladder and those of the lower third of the ureter. Stahr,®^ in 
1900, Sakata,®® in 1903, and Bauereisen,®^ in 1910, were able to demon- 
strate the lymphatics in the mucous and submucous coats of the ureter, 
and also a network of perivascular lymphatics in the muscular and 
fibrous coats. The serial sections, including a section of the bladder 
and the intramural portion of the ureter, showed a free communication 
between the lymphatics of the muscular coat of the bladder and that of 
the ureter. The lymph current of both the bladder and the ureter is 
from the mucous toward the fibrous coat. The perivascular l 3 anphatics 
communicate with each other in a transverse as well as in a longitudinal 
direction, by means of vertical and oblique branches. 

Kumita ®^ demonstrated in 1909 that the lymphatics of the kidney 
accompany the blood vessels. They form a capillary network in the 
cortex surrounding all tubules like the blood capillaries. The lymphatics 
of the cortex communicate with those of the capsule. This work has 
been confirmed by Muller;®® Eisendrath and Schulz,®® in 1916, 
Stewart,®^ in 1910, Sugimura,®® in 1911, Hess,®® in 1913, Sweet and 
Stewart,®® in 1914, and Eisendrath and Kahn,®^ in 1915, experimentally 
produced ascending infection to the kidney through the lymphatics. 
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Helmholz,®- in 1922, and David, in 1916, experimentall}* produced 
ascending Bacillus coli infection of the lumen of the ureter. 

Hartzler,®^ in 1925, concluded that ascending infection of the kidney 
has not been proved. 

Sugimura,“® in 1911, found involvement of the lower end of the 
ureter in twenty-five cases of cystitis, and demonstrated that the infec- 
tion extended along the l 3 unphatics. 

Carson,®® in 1925 and 1927, demonstrated cancer cells in the peri- 
vascular l 3 unphatics of the ureter, secondar 3 ’^ to primary carcinoma of 
the bladder, prostate and cervix uteri, and in the perivascular lymphatics 
of the renal pelvis from primar 3 ’ carcinoma of the prostate. 

Table 1. — Results Obtained in Series 1 


Histologic Observations 


Date 

of 

Opera- Date 

Rab- tion, Killed, Organism Bladder: Left 


bit 

1930 

1930 

Used* 

Cystitis 

Ureter 

1 

2/10 

2/12 

S. aureus 

Nega- 

tive 

Nega- 

tive 

2 

2/12 

2/25 

S. aureus 

Nega- 

tive 

Nega- 

tive 

8 

3/ 5 

3/18 

S. aureus 

Nega- 

tive 

Nega- 

tive 

4 

3/12 

3/14 

S. aureus 

Posi- 

tive 

Nega- 

tive 

5 

3/18 

4/12 

S. aureus 

Posi- 

tive 

Nega- 

tive 

C 

3/19 

Died 

3/22 

B. coli 

Posi- 

tive 

Nega- 

tive 


Right 

Ureter, 


Right 
Left Ureter, 
Kidney 1 cm. Up 

0 cm. Up 
1 cm. 
Down 

Right 

Kidney 

Cultures at 
Necropsy 

Nega- 

tive 

Nega- 

tive 

Posi- 

tivet 

Posi- 

tive 

B. coli from 
heart’s blood 

Nega- 

tive 

Nega- 

tive 

Posi. 

tivet 

Posi- 

tive 

Staphyloeoccus 
from bladder; 

B. coli from 
heart’s blood 

Nega- 

tive 

Nega- 

tive 

Posi- 

tive! 

Posi- 

tive 

Cultures nega- 
tive 

Nega- 

tive 

Nega- 

tive 

Posi- 

tive! 

Posi- 

tive 

Staphylococcus 
from bladder 

Nega- 

tive 

Nega- 

tive 

Posi- 

tive! 

Posi- 

tive 

Staphylococcus 
from bladder 
and right tidney 

Nega- 

tive 

Nega- 

tive 

Posi- 

tive 

Posi- 

tive 

B. coli from 
heart’s blood 
and bladder 


* Two-tenths cubic centimeter of an eighteen hour broth culture. 
+ Organisms found in perivascular lymphatics. 


EXPERIMENTS 

Young adult rabbits were used, with ether anesthesia and aseptic technic. 
Stock cultures of Staphylococcus aureus and B. coli were obtained from a human 
kidney by ureteral catheterization at Columbia Hospital, and the paratyphoid 
bacilli from Dr. Reith. A fresh eighteen hour broth culture was used in each 
experiment. 


32. Helmholz, H. F. : The Pathological Changes in E.xperimenlal Ascending 
and Hematogenous Pyelitis, J. Urol. 8:301, 1922. 

33. David, V. C. : Ascending Urinary Infection, Surg. Gynec. Obst. 26:159, 
1918. 

34. Hartzler, A. E. : Acute Localized Infection of the Kidney. Surg. Gynec. 
Obst. 40:247, 1925. 

35. Carson, W. J. : jMetaslatic Carcinoma in the Ureter, .Ann. Surg. 82:142, 
1925; 86:549, 1927. 


Table 2. — Results Obtained in Series 2 


Histoloffic Observations 


Date of Rjgjjt 

Opera- Date Ureter, 


Rab- 

bit 

tion, 

1930 

Killed, 

1930 

Organism 

Used* 

Bladder: 

Cystitis 

Loft 

Ureter 

7 

3/25 

3/31 

B. coli 

Posi- 

tive 

Dilated 

8 

3/26 

4/19 

Para. B.f 

Posi- 

tive 

Dilated, 

marked 

9 

3/28 

4/ 5 

Para. B. 

Posi- 

Dilated 


tive 


10 

4/ 2 

4/18 

Para. B. 

Nega- 

tive 

Dilated, 

marked 

11 

4/ 4 

4/18 

Para. B. 

Nega- 

tive 

Dilated 

12 

4/ 8 

4/24 

Para. B. 

Nega- 

tive 

Dilated 


Left 2 , 4 and Bight Cultures at 


Kidney 

S cm. Up Kidney 

Necropsy 

Hydro- 

nephrosis 

Posi- 

tive 

Posi- 

tive 

B. coli from 
bladder 

Hydro- 

nephrosis 

Posi- 

tive 

Posi- 

tive 

Paratyphoid 
bacillus from 
bladder 

Hydro- 

nephrosis 

Posi- 

tive 

Posi- 

tive 

Paratyphoid 
bacillus from 
bladder 

Hydro- 

nephrosis 

Nega- 

tive 

Nega- 

tive 

B. subtilis from 
bladder 

Hydro- 

nephrosis 

Posi- 

tive 

Posi- 

tive 

Negative 

Hydro- 

nephrosis 

Posi- 

tive 

Posi- 

tive 

Paratyphoid 
bacillus from 
bladder 


* Two-tenths cubic centimeter of an eighteen hour broth culture, 
f Paratyphoid bacillus. 


Table 3. — Restilts Obtained in Scries 3 * 


Histologic Observations 

A - . 


Date of 
Opera- Date 


Rabbit 

tion, 

1930 

Killed, 

1930 

13 

4/ 9 

4/24 

14 

4/ 9 

4/30 

15 

4/15 

4/30 

16 

4/22 

5/ 5 

17 

4/23 

5/ 2 

18 

4/28 

5/14 


Bladder 

Left 
Ureter, 
2, 4 and 
8 cm. Up 

Marked 

cystitis 

Positivef 

Moderate 

cystitis 

Positive 

Marked 

cystitis 

Positive! 

Marked 

cystitis 

Negative 

Marked 

cystitis 

Negative 

Trigonitis 

Negative 


Left 

Kidney 

Right 
Ureter, 
2, 4 and 

8 cm. Up 

Positivef 

Positive 

Positive 

Negative 

Positivef 

Positive 

Negative 

Positive 

Negative 

Negative 

Negative 

Negative 


Right 

Kidney 

Cultures at 
Necropsy 

Positive 

Negative 

Negative 

Negative 

Positive 

Negative 

Positive 

Negative 

Negative 

Negative 

Negative 

Negative 


* One cubic centimeter of an eighteen hour broth culture of paratyphoid ba i i 
injected into the bladder. 

■f Organisms found in the perivascular lymphatics. 
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Series 1 . — A midline incision, 4 cm. in length, was made below the umbilicus, 
the coils of the intestines \Aere packed off with a warm gauze pack, and the right 
ureter W'as located as it crossed the iliac artery; at this point the posterior laj-er 
of peritoneum was opened and the ureter deli\ered. A very fine needle was used 
for injection into the ureteral wall 2 cm. proximal to the bladder, after which 
mercurochrome-220 soluble was applied to the site of the puncture, the ureter 



Fig. 1 (rabbit 4). — Photomicrograph of the right ureter, 1 cm. down, showing 
proliferation of lymphatic endothelium and an infiltration of l\mphocjtes. 


dropped back, the pack removed and the abdomen closed in lasers, silk, cotton 
and collodion dressings being applied. 

Series 2 . — Through a midline incision the left ureter was freed from its peri- 
toneal attachment, from the iliac artery to the bladder, a silk ligature was applied 
to the ureter at the wall of the bladdei, and at a point 1.5 cm. proximal to the 
bladder, the ureter between these ligatures was then excised for microscopic 
examination. The right ureter was then located, and the injection was made into 
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the ureteral wall at its junction with the wall of the bladder. Mercurochrome-220 
soluble was applied to the site of the puncture, and the abdomen was closed. 

Series 3.— A midline incision, 3 cm. in length, was made over the bladder 
through the skin and linea alba, and the bladder was delivered without opening 
the peritoneum. Sufficient pressure was applied to the wall of the bladder to 
force the urine through the urethra, after which 1 cc. of an eighteen hour broth 
culture was injected into the fundus of the bladder with a fine needle. Mercuro- 



Fig. 2 (rabbit 6). — Photomicrograph of right ureter, 1 cm. down, showing 
perivascular infiltration of lymphoid cells. 


chrome-220 soluble was applied to the site of the puncture, after which the bladder 
was replaced in the pelvis and the wound closed as in the previous senes. 

The animals were killed from two to forty-six days after the operation, and 
an autopS 3 ' was performed. Cultures were made from the heart’s blood, the pen 
toneum, each kidney and the bladder. 

The tissues were fixed in 10 per cent formaldehyde and embedded in 
Longitudinal sections were cut from each ureter, 1, 2, 4 and 8 cm. above 
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Fig. 3 (rabbit 12). — Photomicrograph of right ureter, 1 cm. down, showing 
marked proliferation of lymphatic endothelium and an infiltration of lymphocytes. 


a few areas, into the adventitia. The inflammatory infiltration followed the 
lymphatics of the submucosa into the renal pelves, and the kidneys showed a 
perivascular infiltration of lymphocytes. In the first five experiments, staphylococci 
were observed in the submucosa. All sections from the left kidney, ureter, bladder 
and right ureterovesical orifice were normal. 

In series 2, the right ureters and kidneys showed essentially the same histo- 
logic picture as those in series 1, except that the organisms injected could not 
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be seen. Sections from the left ureters, removed at operation, were all norma], 
sections above the ligatures showed a thinning out of the muscular layer, and' 
in rabbits 8 and 10 sections from the left ureters, 4 cm. up, showed a marked 
proliferation of young connective tissue cells with newly formed blood vessels. 

The left kidneys showed a marked dilatation of the tubules with a flattening 
out of the renal epithelium in areas. Sections from the bladders showed the 
mucosa to be poorly stained and, in areas, covered with lymphoid cells. In the 



Fig. 4 (rabbit 15 ) .—Photomicrograph of right ureter, 1 cm. up,^ showing 
infiltration of Ij^mphoid cells in the submucosa and muscular layers, with a e\\ 
polymorphonuclear leukocytes. 


submucosa marked infiltration of lymphoid cells was seen, with perivascular infi 

tration in the muscular layer. . 

In series 3, sections from the bladders showed the mucosa to be absen 
areas. In other areas, the epithelial cells were swollen and indistinct m ou m , 
with poorly stained nuclei; large numbers of epithelial cel s were ’ 

in areas the mucosa was covered with liunphocytes, pob'morp lonuc ear e 
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and fibrin. The submucosa showed a marked infiltration of lymphoid cells, with 
an occasional polymorphonuclear leukocyte. In the muscular layer a marked 
perivascular infiltration of lymphocytes was seen. Sections from the right and 
left ureters in rabbits 13, 14 and IS and from the right ureter in rabbit 16 showed 
the mucosa to be well preserved, with a perivascular infiltration of lymphoid 
cells, which in areas extended into the muscular layer; in rabbits 13 and 15 the 
organisms were observed in the submucosa. 



Fig. 5 (rabbit 15). — Photomicrograph of left ureter, 5 cm. up, showing 
mucosa well preserved with a perivascular infiltration of lymphoid cells, which 
infiltrates into the muscular layer. 


Sections from the ureters in rabbits 16 (left), 17 and 18 (right and left) 
showed no changes. Sections from the right and left kidneys in rabbits 13, 14 
and 15 and from the right kidney in rabbit 16 showed a perivascular infiltration 
of lymphoid cells, which extended into the interstitial tissue in areas ; sections 
from the left kidney in rabbit 17 and from the right kidney in rabbit 18 showed no 
noteworthy changes. 
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CONCLUSIONS 

Infection produced experimentally in the lower end of the ureter 
or wall of the bladder has been demonstrated to pass upward through 
the perivascular lymphatics to the kidneys. 

The author was assisted by Dr. T. L. Squier, Director of the Department of 
Preventive Medicine, and Dr. Allen Reith, Bacteriologist, A. O. Smith Corpora- 
tion. Mr. Leo Massapust, artist, Marquette University, furnished the photo- 
micrographs. 

425 East Wisconsin Avenue. 



CARCINOMA OF THE BREAST IN THE YOUNG * 


BURTON J. LEE, M.D. 

NEW YORK 

Cancer of the breast in subjects 40 years of age or under is not a 
rare occurrence. A recent survey of the admissions to the Memorial 
Hospital from Jan. 1, 1917 to Jan. 1, 1929 showed that 2,663 patients 
with cancer of the breast had sought admission during this period.^ 
The research further revealed that 17.33 per cent (or approximately 
one sixth) of all patients with cancer of the breast were 39 years or 
younger. The incidence of mammar}' cancer in persons in the younger 
age periods must be borne in mind, otherwise errors in diagnosis will 
inevitably occur and unfortunate end-results follow. 

The material for this paper was furnished by a study of 303 patients 
admitted to the breast clinic of the Memorial Hospital prior to Novem- 
ber, 1926. Radical mastectomy was performed on 191 patients, pre- 
senting presumably operable cases at tbe time of operation. In 44 
a I'adical operation was performed at the Memorial Hospital; in 32 
operation was done in other hospitals in New York and the patients 
were then referred to the breast clinic for postoperative irradia- 
tion; 115 patients came to the clinic with recurrent phases of the dis- 
ease, -radical amputation having been done elsewhere. In addition, 52 
patients in this series were admitted to the clinic following local mastec- 
tomy, local excision or a delayed radical operation after local excision ; 
in many of these patients also the disease was recurrent at the time 
of admission. The study also includes a survey of 60 patients in the 
primary inoperable group who had not received surgical treatment, but 
who were treated by irradiation. 

My associates and I have been more impressed year by year with 
the poor end-results following radical surgical intervention in cases of 
cancer of the breast in young women ; few patients are encountered 
who survive the three year period. Following operation, the disease 
is often more rapid in its course, eA'en though examination before oper- 
ation reveals a well localized process in the breast without apparent 
involvement of the axillar)^ nodes, recurrences appear earlier and there 
is usually a fatal termination. This survey was undertaken to deter- 
mine the exact end-results in this group, and to discover if possible 
some of the factors contributing to these results. 

* Submitted for publication, Nov. 12, 1930. 

* From the Breast Clinic of the Memorial Hospital. 

1. Pack, George T., and LeFevre, R. G. : The Age and Sex Distribution and 
Incidence of Neoplastic Diseases at the Memorial Hospital, New York, J. Cancer 
Research 14:167, 1930. 
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FACTORS CONTRIBUTING TO THE END-RESULTS OF OPERATION 

Two women, aged 22, were the youngest patients in the entire 
gioup. The distribution of patients in five year periods according to 
age at the time of the inception of the disease is given in table 1. 

Mammary cancer is rare in patients 25 years or under, but 3 per 
cent of our patients under 40 fell within this age period. The occur- 
rence of mammary cancer increases in the older patients, approximately 
one third of the group being between the ages of 31 and 35, and 
one half in the five year period from 36 to 40. 

Table 1. — Distribution of Patients zvith Cancer of the Breast According to Age 


Five Year Age Period Number of Patients Percentage 

21 to 25 9 3 

26 to 30 42 14 

81 to 35 94 31 

36 to 40 158 52 


Total 303 100 


Table 2. — Previous Lactation 


Patients Percentage 


Yes 179 66 

No 91 34 

Total 270 100 


Table 3. — Preoperative Diagnostic Errors 


Diagnosis of carcinoma not positively made 

Pibro-adenoma 

Benign 

Abscess 

Mastitis 

Cyst 

Papillary cyst adenoma 

Total 


Previous Lactation. — In 270 patients, data were available to deter- 
mine whether previous lactation had occurred in carcinomatous breasts , 
the results are given in table 2. 

An inspection of this table shows that exactly two thirds of the 
patients had previously had lactating breasts, whereas one third of the 
patients had never lactated. 

Diagnosis. — The diagnosis of cancer of the breast in the young 
woman is often attended with difficulty. In the cases reported here a 
preoperative diagnosis of a benign lesion was made thirty-seven times. 
Table 3 indicates diagnostic errors prior to operation. 

If, for the moment, the 60 primary inoperable cases are subtiacte 
from the total number of 303, leaving 243 in which a preoperatne 


18 

9 

.5 

2 

1 

1 

1 

37 
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diagnosis was recorded, it will be seen that a correct diagnosis of mam- 
mary cancer was not made in 15 per cent of the cases, a definitely higher 
figure than one obtains when women in the older age groups are studied. 
In 18 patients the surgeon suspected that he was dealing with mammary 
cancer, but could not reach a positive diagnosis of malignancy. 

In nine patients the preoperative diagnosis was fibro-adenoma, the 
error in three cases having been made by me. One cannot stress too 
much the difficulty in differentiating between a fibro-adenoma and true 
infiltrating carcinoma in the breast of a young woman. Not infre- 
quently, one may encounter a small infiltrating cancer, which on physical 
examination gives all of the classic S 3 anptoms of a fibro-adenoma. 
There may be no alteration in the position of the nipple, no adherence 
of skin over the tumor, and the mass itself may appear sharply cir- 
cumscribed with a definite sense of mobility in the surrounding tissue 
of the breast. In the light of these experiences, one should always keep 
in mind that a tumor in a young woman’s breast, which is apparently 
nothing but a simple fibro-adenoma, may really be true infiltrating car- 
cinoma, and therapeutic measures should be outlined with this possibility 
in view. 

In five cases the diagnosis of benign tumor was made, but the exact 
character of the lesion was not indicated in the records available. 

In two patients a diagnosis of abscess of the breast was made, when 
the patient was really suffering from a rapidly growing inflammatory 
carcinoma." I have discussed this difficulty in diagnosis in a previous 
paper. When the surgeon commits this error, and the breast is incised 
in an attempt to evacuate an abscess, the patient is subjected to serious 
additional hazard, with the possibility of further dissemination of the 
disease. 

In one patient a diagnosis of papillary cyst adenoma was made, and 
operation revealed a papillary cyst adenocarcinoma. The differential 
diagnosis between these two conditions is always difficult whatever the 
age of the patient, for in both instances one finds a sharply encapsulated 
tumor with a history of bloody discharge from the nipple, and I know 
of no method of physical examination which will make this differen- 
tiation. 

Six patients, comprising 2 per cent of the entire group, were col- 
ored. I have noted the compai'atively small number of young colored 
women coming to the clinic suffering from mammary cancer. One may 
doubt whether this small percentage of colored patients in the series 
is of significance. Only a complete survey of a large gi'oup of colored 
patients can demonstrate how frequently mammary cancer occurs in 
young colored women. Such a study can only be made in a hospital 
to which a large number of colored patients are admitted. 

2. Lee, B. J., and Tannenbaum, N. E. : Inflammatory Carcinoma of tiie Breast, 
Surg. Gjmec. Obst. 39:580 (Nov.) 1924. 
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Only 1 patient of the entire 303 was a man, comprising 0.3 per cent 
of the total group. It would seem apparent that cancer of the breast 
IS rare in men, 40 years of age or under, a point which should be kept 
in mind in reaching a diagnosis in tumors of the male breast. 

INFLAMMATORY CARCINOMA OF THE BREAST 

In a previous communication, 28 cases of inflammatory cai'cinoina 
of the breast were studied. In that series 10, or 36 per cent, occurred 
in young women, so that our experience thus far at the clinic has shown 
that approximately one third of the inflammatory carcinomas occur in 
women, aged 40 years or under. Of the 303 cases in the present series, 
26, or 9 per cent of the entire group, were classified as typical examples 
of inflammatory carcinoma. This is unquestionably the most menacing 
and I'apidly progressive form of mammaiy cancer. At times the dis- 
ease resembles an acute infectious process. Physical examination shows 

Table 4. — Duration of Life in Young Women zvith Inflammatory Carcinoma 


Inoperable Cases (When First Seen the Disease Was Widespread and Far Advanced): 

Shortest duration 4 months 

Longest duration 2 years, Smooths 

Average duration 1 year 


Patients Subjected to Radical Operation: 

Shortest duration 11 months 

Longest duration 2 years, 3 months 

Average duration 1 year, 11 months 


End-Results: 

Dead 


26 patients 


the affected breast to be definitely larger than normal, with a distinct 
pinkish blush over it, which may extend well beyond the confines of 
the breast. The tumor is poorly defined, though usually palpable. The 
nipple is frequently edematous and retracted, and axillary nodes on the 
same side are involved early and are usually bulky. Palpation may elicit 
slight tenderness over the breast, and the temperature taken beneath it 
may show a rise of from 1 to 1.5 degrees F., as compared to that taken 
in the mouth. The opposite breast and nodes are also invaded early. 
We have not seen a case of inflammatory carcinoma of the breast in a 
young woman which has yielded any but disastrous results following 
an attempt at radical operation. Recurrence following operation occurs 
quickl)L often immediatel 3 L and the whole process frequentl}" spreads 
over the entire wall of the chest and at times down over the abdomen, 
around the latei'al wall of the chest and onto the back. The only 
therapy available at the present time which is capable of restraining the 
o-rowth of these inflammatory carcinomas in young women is adequate 
Eradiation. Table 4 indicates the duration of life in the patients with 
inflammatory carcinoma. 
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The histories of several cases are appended which will illustrate the 
frightfully rapid course of this form of the disease. 

REPORT OF CASES 

Case 1 (no. 174). — N. B., aged 37, married, white, a native of Ireland, had 
borne four children, two of whom were alive and well. All of the children nursed 
for a period of approximately one j’^ear. Five months before admission to the 
clinic, the patient fell, striking her right breast against some stiff shrubbery. 
Following the fall, she suffered from chills and fever and noticed that her right 
breast was hard, red and swollen. The physician who saw her at that time 
assured her that she need have no worry concerning the condition of the breast. 
It, however, remained hard and continued to increase in size. Two months before 
admission she first noticed a swelling of the right arm which extended down to the 
hand, and at the same time she became aware of several lumps in the right axilla 
and right supraclavicular region. For the two months before admission she was 
unable to abduct the right arm. 

Physical examination showed a woman in good general condition. The right 
breast was enlarged, heavy and thickened throughout, and the skin over it showed 
a “pigskin” appearance. The nipple was flattened. The skin overlying the breast 
was irregular and mottled with red patches, some of which were indurated. There 
was a large mass of nodes in the right axilla, fulness in the right infraclavicular 
region and enlarged nodes in the right supraclavicular fossa. Examination of the 
chest at this time showed a few, fine, inconstant, crackling rales over the upper 
right interscapular region and at the base of the right lung posteriorly, where a 
slight diminution of breath sounds was noted. There were signs suggestive of 
metastasis. A roentgenogram of the chest made at the time of admission did not 
reveal definite evidence of metastasis. A thermometer placed in the right axilla 
registered 100, and in the left a.xilla, 98 F. 

At the time of admission the patient was suffering considerable pain in the 
right hand and arm. She was given a cycle of high voltage roentgen treatments, 
consisting of four treatments over the right breast and drainage areas, the set-up 
being, time, eighty minutes; milliamperes, 4; spark gap, 90; filters, 0.5 mm. of 
copper and 1 mm. of aluminum, and focal distance, SO cm. The patient left the 
hospital against advice and never returned. A biopsy taken while she was in the 
hospital showed a cellular, infiltrating carcinoma with considerable fibrosis. The 
cells were large, probably of the sweat gland t 3 'pe. The follow-up on the patient 
revealed that she died two months after discharge from the hospital, seven months 
after the beginning of the symptoms. 

Case 2 (no. 222). — G. M., a colored woman, aged 38, married, was born in the 
United States. She had borne three children, each of whom she had nursed about 
seven months. She had never suffered a trauma to the breast. Six months before 
admission to the clinic she noticed a small lump in the right breast which increased 
steadily in size until it involved the entire breast. It was unattended by pain 
until two months before admission, when she began to have pain in and about 
the right shoulder which increased in severity up to the time of admission. She 
had complained of a slight cough during the month before her entry into the 
hospital. 

Physical examination showed a woman in fair general condition with apparent 
emaciation. The right breast was entirely filled with a hard solid tumor. The 
skin over the breast was thickened and corrugated. The nipple was flattened, and 
the whole breast was shrunken and fixed to the wall of the chest. A large chain 
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of nodes extended up to the axilla and through the outer part of the infraclavicular 
region to the supraclavicular space and neck. There was definite local heat over 
the breast on palpation, with a reddening of the skin which showed a sharp line 
of demarcation. Kxamination of the chest at this time showed dulness at the 
_ base of the left lung and a few fine crackling rales at the base of both lungs. A 
roentgenogram of the chest made at the time of admission showed a thickened 
pleura and fluid in the left side of the chest, displacing the heart shadow to the 
right, with further evidence of metastasis in the right side of the chest also. 

Treatment by irradiation was begun shortl}' after admission, three high voltage 
roentgen treatments being given to the right side of the chest with a set-up of; 
time, eighty minutes ; milliamperes, 4 ; 0.5 mm. of copper and 1 mm. of aluminum ; 
spark gap, 90 cm. at a focal distance of 50 cm. A month after treatment the 



Fig. 1 (case 222). — Primary inoperable carcinoma of the breast, inHamwatory 
type. 


patient was somewhat improved with slight regression in the size of the tumor and 
less pain, but she did not return to the clinic from that time until her death which 
occurred ten months after admission, and one year and four months from tie 
beginning of symptoms. 

Case 3 (no. 179).— E. C., aged 30. -a married white woman, had borne two 
children, the youngest 19 months old. She had nursed this child for fourteen 
months, and when the child was weaned (five months before the admission o le 
patient to our service) she first noticed that the right breast did not re ° 
normal. Her physician advised the use of a breast pump, but there was no c 
in the size of the breast following this procedure. She consulted a 
months later, who made a diagnosis of abscess of the breast, and a ^urg' P 
tion was performed with the idea of evacuating an abscess. A few weeks later 
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biopsy was made on the small, reddened cutaneous nodule above the breast, and 
this histologically also proved to be malignant. Six weeks before admission the 
left breast became infiltrated with tumor tissue. Prior to admission she had 
received several roentgen treatments to both breasts, with some regression in the 
size of the tumors. 

• On admission five months after the beginning of symptoms, there was a diffuse 
infiltration of both breasts involving all of the organs, with marked reddening over 
the whole anterior wall of the chest. Nodes were present in both axillae and in 
the supraclavicular fossae. Examination of the chest stronglj^ suggested metas- 
tasis. A poor prognosis was given and a fatal termination predicted within a 
few months. Roentgen treatment was suggested as the only possible palliation for 
the disease. The patient returned to her surgeon and received several roentgen 



Fig. 2 (case 255). — Primary inoperable carcinoma of the breast, inflammatory 
type. Note the slightly darker hue of the right breast and adjacent arm. 

treatments, but the disease rapidly progressed, and she died four months after 
admission to our service. The total duration of the disease was nine months. 

Case 4 (no. 255). — B. W., aged 33, a married woman, was born in Russia of 
Hebrew parents. She had borne four children and had nursed each child for one 
year, using both breasts equall 3 ^ The last child was born two 3 'ears before her 
admission to the Memorial Hospital. No unusual condition had occurred in the 
breast in connection with lactation. She stated that the right nipple had always 
been more prominent than the left and that the right breast had always been 
larger. Two months before admission she first noticed a hardening of the right 
breast and a retraction of the right nipple. There had been no pain or discharge 
from the nipples. She tliought that she had lost weight recenth'. 

Phjrsical examination showed a woman in good general condition. The right 
breast was larger than the left, the right nipple was elevated and retracted, with 
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some fixation of the nipple to the underlying structures. The skin had a definite 
pigskin” appearance over the lower segment of the breast. There was a distinct 
pinkish blush over the whole breast, which ran in oblique fashion upward and 
inward to the tip of the sternum, with increase of local heat on palpation over this 
breast. In the middle and outer segment of the breast there was a poorly defined 
mass 8 by S cm. There were several enlarged soft nodes in the right axilla but 
none in the supraclavicular region. Examination of the chest gave negative results, 
and the roentgenogram of the lungs did not show definite evidence of metastasis. 
A diagnosis of inflammatory carcinoma of the breast was made, and treatment 
by irradiation was begun. 

The treatment consisted of three high voltage cycles of four treatments each 
to the right breast and drainage areas over a period of seven months, the set-up 
being; time, ten minutes, using the water cooled tube, milliamperes, 30; 6.5 mm. 
of copper and 1 mm. of aluminum ; spark gap, 90 cm., at a focal distance of 50 cm. 
In addition, the breast itself was also treated with the radium element pack, using 
20,000 millicurie hours with exposed area of 70 sq. cm., a filtration of 2 mm. of 
brass at a distance of 6 cm., the dose being divided through two portals. Follow- 
ing these treatments there was a slight but not marked regression in the tumor. 
Four months after admission the patient began to complain of pain over the lower 
portion of the thoracic spine. Although a roentgenogram of the spine was nega- 
tive, one high voltage roentgen treatment was applied over this area with the set-up 
described before. Five months after admission the patient had a miscarriage at 
one month, and a short time later a curettage was performed at another hospital. 
The following month, on return to the clinic, there had been considerable regres- 
sion in the size of the tumor in the breast. At the same time a roentgenogram 
of the chest showed no evidence of metastasis. Four months later, which was 
one year after the beginning of symptoms, roentgenograms of the pelvis showed 
extensive metastasis of the osteoplastic type. An irritable cough had developed, 
and a thickening at the base of the left breast was reported. The disease from 
this time on progressed steadily, and the patient died one year and two months 
from the time of admission to the service and one year and four months after 
the beginning of symptoms. 


PRIMARY INOPERABLE CARCINOMA 

Including those with inflammatory carcinoma, sixty patients at the 
time of their admission to the hospital had advanced primary inoperable 
cases, in which no thought of radical operation could be enteitained. 
Many of these patients had reached the stage of inoperability a few 
months from the inception of symptoms, illustrating how rapid had been 
the course of the disease. They were treated by external irradiation, 
the high voltage apparatus being generally used. The majority so 
treated showed some regression in the local disease, but there seem^ 
little doubt that the course of the disease was materially altered by the 
irradiation. Today we feel certain that mammary cancer must be given 
adequate irradiation if a considerable degree of restraint in growth is 
to be obtained by this means, and I know that the irradiation given these 
patients was inadequate. Others with ^''^despread disease and in poor 
general condition received little or no irradiation, for treatment 
have been futile. 
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In this group, the shortest duration of life from the beginning of 
symptoms to death was two and one-half months, another patient sur- 
vived four months, a third four and one-half months, and but two lived 
six months. Five patients in whom the course of the disease was less 
rapid were still living with evidence of disease more than five years 
after the beginning of symptoms. The average duration of life for the 
entire sixty was one year and eleven months, while 30 per cent died 
within one year. 

In addition to the case histories of primary inoperable carcinoma of 
inflammatory type recorded, a few additional histories indicate the 
rapid course of the disease. 

REPORT OF CASES 

Case S (no. 121). — C. L., aged 29, a married Jewess, born in Austria, gave 
birth to one child four and a half j'ears before admission, which she nursed for 
thirteen months equally on both breasts. She stated that when she was three 
mojiths pregnant she had had what was called mastitis in one breast, she thought 
the left. There had been no trauma to the breast. She said that two weeks 
before admission she noticed a hardness and tenderness in the left breast. She 
had had no cough and no loss of weight. 

Physical e.xamination showed an apparently healthy white woman in good 
nutrition. Both breasts were large and pendulous with well formed nipples and 
areolae. In the left breast there was an irregular, hard, nodular mass, posterior 
and above the areola, measuring 6 cm. in diameter. Definite retraction of the 
skin could be made out over the tumor. There was a slight tendency to “pigskin” 
appearance over the left breast. Sizable firm nodes were palpable in both axillae. 
General physical examination showed that the mucous membranes were pale. 
There was deep tenderness over the whole right side of the abdomen, but no 
tenderness of a specific nor abnormal mass could be palpated, and the edge of the 
liver could not be felt. Pain was elicited in the region of the first and second 
lumbar vertebrae on movement of the spine, but no tenderness could be detected 
here. The x-ray films of the pelvic region showed numerous and extensive areas 
of metastasis. The patient was admitted to the hospital, and the day after admis- 
sion complained of pleuritic pain in the right side which subsided in a few daj's 
with rest in bed and strapping of the chest. A roentgenogram of the chest made at 
this time still showed no evidence of metastasis. 

The patient was treated with radium element pack over the breast and drainage 
areas, using 20,000 millicurie hours over the left breast at 6 cm. with 1.5 mm. of 
brass and 0.35 mm. of platinum filter. Sixteen thousand millicurie hours of treat- 
ment were given in a similar manner over the left axilla, and 8,000 millicurie hours 
over the left supraclavicular region. In addition, 20,000 millicurie hours were 
given over the lumbar spine and a high voltage roentgen cycle of four treatments 
was applied to the pelvis using 185 kilowatts, 0.05 mm. of copper and 1 mm. of 
aluminum filter, target skin distance of 50 cm., over a field of 8 by 10 cm., 
30 milliamperes of current with twelve minute e.xposures. 

A blood count made as the treatment was finished showed : hemoglobin, 60 per 
cent, with red cells, 3,064,000 ; white cells, 3,400 ; polymorphonuclears, 57 per cent ; 
large lymphocytes, 10; small lymphocytes, 15: transitionals, 14; eosinophils, 3, and 
basophil, 1. Three and one-!ia!f weeks later the hemoglobin had dropped to 35 
per cent, the red cells to 1,856,000 and the white cells to 2,600 with the differential 
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count not significantly altered. Unfortunately a blood count was not made on 
admission, so that it is impossible to state bow much of the anemia was due to the 
disease and how much to the irradiation, but it is probable that both contributed 
The patient left the hospital, but never returned. The disease progressed with 
alarming rapidity, and she died four months after her admission, and four and 
a half months after the beginning of the symptoms. 

As one reviews this case, it seems evident that the irradiation applied 
did not stay the course of the disease, and it seems not improbable that 
it may have hastened the death of the patient. Moreover, the degree 
of response of the tumor in the breast to irradiation showed that the 
neoplasm was a ladioresistant type in which irradiation is of compara- 
tively little value. 



Fig. 3 (case 121). — Primary inoperable carcinoma of the breast. The left 
breast is slightly larger than the right. Few local symptoms were evident on 
inspection, although the patient at this time was suffering from widespread 
metastasis. 


Case 6 (no. 225).— M. N., aged 40, a white woman, born in the United States, 
single, had had no history of trauma to the present or any abnormal mammao' 
historj\ Nine months before admission she noticed a lump the size of a marble in 
the center of the left breast beneath the nipple, unattended by pain or tenderness. 


Physical examination showed a woman in good nutrition. The left breast n as 
almost completely occupied by a mass 13 bj' 14 cm. with retraction of the nipp e 
and fixation of the skin over the mass and an area of ulceration 2 cm. in diameter 
over the tumor wdiich was fixed to underh'ing structures. One advertent no e 
was palpable in the left axilla. The supraclavicular region was normal, 
nation of the chest showed diminished resonance and decreased breat i 
the third rib to the apex of the left lung, but no rales could be ear . 
the midsternal line opposite the third rib were three sbotty nodules m the skm. 
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The discharge from the ulcerating mass was foul and a local mastectomy was 
deemed advisable to free the patient from her disagreeable condition. 

A local mastectomy was done in which a wide elliptical incision was made, and 
the whole wound was left open save for one or two traction sutures at its 
extremities. At operation it was found that the muscles were extensively involved, 
and the incision passed through carcinomatous tissue at the lower edge of the 
axilla. An attempt was made to close in the axilla by sutures. The histologic 
report of the tissue, made by Dr. Ewing, showed that the breast was large, firm 
and fat. The nipple and skin for a zone of 5 cm. was excoriated, scaling and 
indurated, and for a zone of 8 cm., the skin was indurated and thickened as by 
infiltrating carcinoma. The area around the nipple was enlarged, and it fused 
with the underlying tissues into a dense, inelastic cone-shaped mass, the base break- 



Fig. 4 (case 225). — Primar}^ inoperable cancer of the breast. The left breast 
was completely occupied by tumor. 


ing up into a series of isolated cicatricial areas throughout the larger area of the 
breast. Firm areas appeared on the borders of the breast. None of the areas 
showed chalki"- points, but the diagnosis of carcinoma in the nipple and other areas 
was based on the induration. Three considerable layers of muscle were quite 
firml}'^ attached to the under surface of the breast, but no definite invasion of the 
process into the muscle could be seen. The microscopic report revealed : infiltrat- 
ing carcinoma, large opaque cells throughout all of the suspicious areas, infiltration 
of the muscles, and wide infiltration of the skin. Three weeks later the granulat- 
ing surface was grafted bj’^ the Thiersch method, the grafts being removed from 
the left thigh. The patient left the hospital and did not return for postoperative 
irradiation. The disease progressed rapidly, and she died four months after the 
palliative mastectonw, with evidence of advanced disseminating disease. 
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In reviewing this case one feels certain that the effort to rid the 
patient of a foul ulcerating mammary cancer by palliative mastectomy 
was unwise and that some form of palliative irradiation might have 
carried her along equally as well or better than did the attempt at 
operation. If palliative mastectomy is to be undertaken in extensive 
ulcerating carcinoma one must be reasonably sure that the line of inci- 
sion between the tail of the breast and the axilla will not pass through 
actively growing carcinoma, which was unfortunately the case in this 
patient. 

Case 7 (no. 251). A. T., aged 39, a married, Jewish woman, born in Russia, 
had had five children, the first child being born thirteen years and the last nine 
years before the patient's admission to the Memorial Hospital. Lactation in all 
instances lasted about ten months with no mammary complication. There had been 
no history of trauma. Two months before admission the patient noticed a hard 
lump about the size of an egg in the left breast, which had steadily increased in 
size up to the time of admission. During this period she was conscious of a 
drawing sensation in and about the breast. On her own initiative she had applied 
salves and heat which she thought had caused some regression in the size of the 
tumor but had resulted in a blistering and reddening of the skin. 

Examination on admission showed the patient to be in fair general nutrition. 
In the middle outer portion of the left breast was a poorly defined area of thick- 
ening 5 by 7 by 3 cm. There was moderate retraction of the nipple with some 
edema about it, and the nipple was fixed to the underlying breast tissue. Fixation 
of the skin was found over the tumor with an orange skin appearance over the 
outer and lower segment of the breast. There were several superficial blisters 
overlying the breast itself which was movable over deeper structures. A mass of 
axillary nodes 2 by 2^2 cm. was palpable high in the left axilla. A roentgenogram 
of the chest showed no evidence of metastasis. There was some discussion in the 
breast clinic as to the operability of the case, but I felt that it was inoperable 
because of the high axillary nodes. Treatment was therefore begun immediately, 
and consisted of three low voltage roentgen cycles over the left breast and drain- 
age areas with the following set-up ; time, twenty-five minutes ; milliamperes, 4 ; 
filters, 6.25 mm. of copper; spark gap, 10, and focal distance, IS. The last cycle 
was finished in March, 1925. Seven months after admission a small left supra- 
clavicular node Avas palpable, and a month later signs of metastasis were evident 
in the chest. The following month (nine months after admission) the mass in 
the breast had increased considerably in size and several nodules had appeared in 
the skin above the breast. A roentgenogram of the chest made at this time gare 
evidence of metastasis in both lungs. The patient's general condition was decided j 
poorer than at the time of admission. One of the skin nodules removed rvas 
reported as infiltrating fibrocarcinoma. The patient finally left the Memorial Hos 
pital, being transferred to another hospital where she died eleven months a ter 
admission to our service and one year and one month from the beginning o tie 
symptoms. The disease had extended to the liver. One liter of fluid ha ecu 
removed from the right side of the chest and there was extreme d 3 spnea e ore 

death. 

As one reviews this case one may perhaps question the visclom of 
having withheld radical operation when any question existed as o 
operability. My own conviction is, however, that in such a rapio } 
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progressive disease with high axillary nodes radical surgical interven- 
tion two months after the tumor was noted would have been of no 
avail. 

Segment of the Breast Primarily Involved . — In 140 cases the left 
breast was the seat of disease; in 158 cases the right, and in 5 instances 
both breasts were involved. Dependable data are available in 140 cases 
concerning the site of the primary disease in the breast. 

Figure 5 indicates the percentage of occurrences in various segments 
of the breast. 

The most frequent site of the primary disease in carcinoma of the 
breast is the outer upper quadrant, 28 per cent occurring in this region. 



Fig. 5. — Segments of the breast in which disease occurred. The entire breast 
was affected in 17 per cent of the cases. 

approximately one fourth of the entire group. If interference with 
drainage of the breast can be assigned as a cause for carcinoma, one 
would expect to find the primary disease more often in the upper outer 
quadrant, which extends far out toward the axilla, and drainage from 
this particular area is less effective than that from any other segment. 
In 20 per cent of the patients, the primary focus was in the upper inner 
quadrant. The most significant observation in these young women was 
a diffuse thickening of the whole breast as the initial symptom in 17 
per cent of the cases, or approximately one sixth of the entire number. 
The primary focus was located with about equal frequency in the mid- 
portion of the breast and the lower outer quadrant. 
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Opinion has been unanimous that carcinoma of the breast involving 
the upper innei quadrant is more prone to furnish early metastasis in 
the chest than when the tumor invades other segments of the breast. 

Figure 6 indicates the segments of the breast in which early pul- 
monary metastases are most prone to der'elop, and gives the percentage 
figures of occurrences in connection with each segment. 

In the twenty-eight cases in which the upper inner quadrant of the 
breast was the primary site of disease, 21 per cent showed pulmonary 
metastasis as the first apparent extension of the disease, but 31 per 
cent of the sixteen patients in whom the middle segment of the breast 
was first involved showed the initial extension of the disease to the 
cavity of the chest. 



Fig. 6, — Percentage of pulmonary metastasis in various segments of the breast. 

The groups of cases giving these percentages are not sufficient!} 
large from which to draw too definite conclusions, but the menace of 
involvement of the upper inner quadrant of the breast, with the possi- 
bility of an extension of the disease to the intercostal lymphatics, is no 
more menacing, if as menacing, as when the middle segment of the 
breast is the site of disease. 

PRIMARY OPERABLE CARCXXOMA 

Patients with primary operable cases. 243 in number, came to the 
clinic under one of four categories: (1) 44 patients with a priman 
operable setting, who were subjected to radical amputation at tie 
Memorial Hospital; (2) 32 patients who received radical amputanon 
in other hospitals in New York and were then referred to the cliwc 
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for postoperative irradiation; (3) 115 patients who underwent radical 
amputation elsewhere, entering the clinic in recurrent phases of the 
disease, and (4) 52 patients with an operable setting who received some 
t 3 fpe of operation less extensive than radical amputation. 

It is well to bear in mind that the 44 patients treated at the Memorial 
Hospital received uniformly a preoperative cycle of roentgen treatments 
before surgical intervention was attempted, and all received postopera- 
tive irradiation. The patients referred to the Memorial Hospital for 
irradiation after radical amputation elsewhere, received postoperative 
irradiation, no preoperative irradiation having been given. The 115 
patients admitted in recurrent phases of the disease received neither 
preoperative nor postoperative irradiation, but were treated only for 
recurrent manifestations of the disease by irradiation methods. 

Table 5 indicates the three year results following radical mastectom)' 
in the three groups of patients mentioned. Figure 7 gives the per- 
centage of patients alive and well at tliree month intervals during the 
entire three years. A study of table 5 suggests the conclusion that the 


Table 5. — Three Year Results FoUoiving Radical Mastectomy 



Alive and 


Alive and 




Well 

Her Cent 

Recurrent 

Dead 

Total 

Memorial Hospital patients 

1C 

30 

S 

20 

44 

Referred for postoperative irradiation.. 

6 

20 

9 

17 

32 

Recurrent on admission 

S 

7 

31 

70 

115 

Total 

30 

1C 

4S 

113 

191 


preoperative irradiation applied to the patients treated at the Memorial 
Hospital resulted in a higher percentage of success than did the deferred 
irradiation, for sixteen were alive and well at the end of three years. 
The fact that the criteria for the selection of patients for radical opera- 
tion may vary considerably in the minds of different sui'geons must, 
however, be taken into account. It seems fair to state that the criteria 
of operability are more sharplj’- drawn at the Memorial Hospital than 
at other surgical clinics. There is. perhaps, a stronger tendenc}" to 
scrutinize the patients carefulH to be sure that a good operable setting 
exists. One might faiidy assume that the better percentage in the 
group from the jMemorial Hospital may be accounted for as much by 
the careful selection of cases as Iw the use of the preoperative cycle of 
roentgen treatments. Moreover, recent investigations carried on at the 
hospital strongl)" suggest that the preoperative cycle used as a measure 
of routine during the past ten years may be somewhat less effective than 
has been believed. 

There is, however, no question that mammar}- cancer of radiosensi- 
tive type is definitelv affected by the use of preoperative irradiation, 
and this evidence is found clinically in the regression in the size of the 
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tumor, and in the pathologic laboratory where histologic evidence 
abundantly demonstrates pronounced changes in the tissue in the irradi- 
ated tumors. These changes are more marked if a period of from three 
to five weeks is permitted to elajjse before the radical amputation is 
undertaken. Further, inspection of table 5 shows that patients from 
the Memorial Hospital and those referred for postoperative irradiation 
give strikingly higher percentage figures for the three year results than 
do the patients admitted in I'ecurrent phases of the disease. These bet- 
ter percentages may be explained on several grounds. Most of the 
patients referred for irradiation came from well organized surgical 



Fig. 7. — Percentage of 191 patients alive and well at intervals of three months 
for three years following radical mastectomy. 


clinics in the city, where careful scrutiny of the patient is made and 
where the best type of surgery is done. Both of the first two groups, 
namely, the patients from the Memorial Hospital and those leferred foi 
postoperative irradiation, received radiation therapy following radica 
amputation, whereas those in recurrent phases of the disease did not. 
There seems little question that postoperative irradiation picper) 
planned and efficiently given is of service in preventing recurrence aiK 
ill causing the restraint of growth in tumor cells which ma} 3e 
behind following surgical intervention. But. one factor 
lost sight of, namely, that the surgeons whose patients na } 
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their way into the Memorial Hospital clinic in recurrent phases of the 
disease undoubtedly had a certain number in whom the end-results were 
more favorable and who may have survived the three year jDeriod with- 
out evidence of recurrence. Without these additional facts from vari- 
ous surgeons, it is apparent that the figures for the recurrent group do 
not fairly rei^resent the cross-section of the end-results in this group. 
With this in mind, the figure of 16 per cent for the three year results 
of radical amputation of mammary cancer in young patients is probably 
a lower figure than the correct one. The total of the Memorial Hos- 
pital patients and those referred for irradiation is seventy-six, twenty- 
two of whom were alive and well at the end of three years, a percentage 
figure of 30 per cent, which, we believe, probably more nearly represents 
the end-results to he expected. 

Table 6 illustrates the three year results in the 191 patients subjected 
to radical amputation, when they are divided into five year age groups. 

From a statistical standpoint, the number of patients occurring in, 
the age groups of from 21 to 25 and from 26 to 30 years is too small 


Tablc 6 — TIuec Year Results After Radical Mastectomy 



Number of 

Percentage 

Age Period 

Patients 

Alive and t\ ell 

21 to 2') 

0 

17 

20 to 30 

24 

17 

31 to 3) 

-8 

12 

30 to to 

10. 

17 

Total 

1!)I 



to compare with the other two groups. The fifty-eight patients in the 
age group from 31 to 35 years and the significant facts that have been 
discovered explain the lower percentage of survivals in the age group 
fi'om 31 to 35 years. 

FACTORS INFLUENCING THREE YEAR END-RESULTS 

Influence of Axillary Metastasis in Three Year End-Results . — 
Dependable data were available in sixty patients on the presence .or 
absence of metastasis in the axillary nodes at the time of radical ampu- 
tation. Of this number, axillary metastasis had been proved in forty- 
two patients at the time of operation, and at the end of three years but 
10 per cent were alive and well, with no evidence of disease. 

In the eighteen patients without involvement of the axillary lymph 
nodes, 67 per cent were alive and well three A’cars following radical 
operation. These figures closely follow surgical exjierience with car- 
cinoma of the breast without respect to age periods. In the jiatients in 
whom the nodes were involved, the average duration of life after opera- 
tion was two years and six months, whereas those with no invasion of 




102 


ARCHIVES OF SURGERY 


the axilla gave an average duration of life after operation of five years 
and three months. 

Influence of Lactating Breasts in Three-Year End-Results. — Experi- 
ence at the Memorial Hospital has impressed us with the added menace 
to the patient with mammary carcinoma of a lactating breast. We have 
felt so certain of the seriousness of this clinical picture that in the 
presence of pregnancy we have uniformly advised therapeutic abortion 
before any attempt was made to deal surgically with the carcinoma of 
the breast. The present study confirms this conviction. In the series 
of 191 operable cases in which radical intervention was employed, a 
lactating breast was coexistent with the mammary carcinoma in 25. 
The end-results for this group of 25 women showed but 8 per cent alive 
and well without disease at the end of three years. When this figure 
is compared with the one already given, namely, 16 per cent for the 
entire group, it would seem fair to conclude that lactation coexistent 

Table 7. — Results of Limited Surgical Intervention in Operable Cases After 

Three Years 


Typo of Operation 


Number of Percentage 
Patients Alive and Well 


Limited radical 5 

Local mastectomy 17 

Local excision IS 

Local excision and radical amputation after 2 weeks 

or more 12 


0 

29 

22 


12 


with mammary cancer suggests a distinctly more menacing clinical pic- 
ture and a poorer prognosis for the patient. 

Three Year Results of Limited Surgical Intervention in Primary 
Operable Cases. — Fifty-two patients presenting a picture favorable for 
primary operation were subjected to surgical procedures less extensive 
than radical amputation. In some of these the breast was removed, and 
an incomplete axillary dissection done without any attempt to remove 
the pectoral muscles. Surgical intervention of this type, for want of a 
better name, we have called “limited radical.” Other patients under- 
went local mastectomy only, a local excision of the tumor itself oi a 
local excision, radical intervention being done more than two weeks 
after .the preliminary operation. Table 7 gives the results in this group 

of cases at the end of three years. 

None of the patients subjected to a "limited radical” operation sur- 
vived the three year period. The reasons for employing such a suigica 
procedure is not ahvays apparent. It seems probable that eithei poor 
surgical judgment determined the type of operation to be performe 
or that the clinical setting "was too advanced to expect much from ra ica 
surgical intervention. Whatever the reasons for adopting this met lo 
the end-results demonstrate that “limited radical operations are unuis 
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in dealing with mammary cancer. Local mastectomy alone was per- 
formed 17 times, with a much higher percentage of patients alive and 
well than that obtained for the 191 patients subjected to radical amputa- 
tion, but lower than that, 36 per cent, for the patients from the Memo- 
rial Hospital. Local mastectomy was chosen, apparently, because of 
the clinical setting, for in many instances a positive diagnosis of cancer 
was not made prior to the time of operation. Moreover, many of these 
patients had no palpable axillary nodes, which may have influenced the 
surgeon in his judgment toward local mastectomy; it is also possible 
that many of these cases were of lower grades of malignancy. In gen- 
eral, the procedure is to be condemned as an alternative for radical 
surgical intervention. 

Local excision was performed in eighteen cases, and there is little 
doubt that in most of them the preoperative diagnosis was that of 
benign tumor. The fact that 22 per cent of the patients survived the 
three year period suggests that many of the tumors were of a low grade 
of malignanc3^ 

But 12 per cent of the twelve patients in whom local excision was 
followed by radical amputation after two weeks survived the three year 
period. The experience of many surgeons, especially that of Peck and 
White,® has strongly suggested that local excision followed shortly by 
radical mastectomy yields as good end-results as radical amputation 
alone, but a delay in performing the latter adds to the patient’s hazards. 

The results of these types of limited surgical intervention in the 
fifty-two cases have been recorded for completeness, but any surgical 
procedure less than a radical amputation in a group of younger women 
should be condemned and considered poor surgical practice. 

RECURREXCE AFTER R.A.DICAL MASTECTOMY 

A stud}’- of the rapidity of recurrence shows several interesting facts. 
Table 8 indicates the number of patients of the entire series of 191 in 
whom the disease recurred after a postoperative interval of three months 
and one year. 

Inspection of table 8 shows the rapidity of recurrence in all of the 
groups but especially in those coming to the clinic in recurrent phases 
of the disease. In more than one third of these patients the disease 
recurred within three months, and in approximateh' two thirds it had 
recurred within the first postoperative year. The percentages of recur- 
rences in the ^Memorial Hospital patients and in those referred to us 
for postoperative irradiation are fairlv comparable and should represent 
what one might reasonably e.xpect to be tb.e result of radical amputation 

3. Peck, C. H.. and White. W. C. : Tumors of the Erea=t, Benign and Malig- 
nant, .Ann. Snrg. 75:641, 1922. 
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in well selected operable cases in young women. When the entire group 
of 191 patients is considered, it will be seen that the disease recurred 
in a little over one fourth of the patients within the first three months 
and in exactly one half within the first year. 

Table 9 represents the result of the analysis of all the cases recurring 
within three months. 

1 he inevitable conclusion to be drawn from a study of these cases 
of rapid recurrence is that either the patients were unsuited for radical 
surgical intervention, that poor surgical technic was employed in the 
radical amputation, or that both factors combined to give the poor end- 
result. 

One should scrutinize most carefully the whole clinical setting in 
a case of mammary cancer in a young woman, and only after most care- 


Table 8 . — Recurrence of Disease After Radical Aniputafion 


In Tlircp Months In One Year 

. » , > 



^ 

Per Cent 


^ 

Per Cent 


Patients 

Patients 

Memorial Hospital patients 

r> 

n 

15 

33 

Referred for postoperative irradiation 

4 

13 

9 

28 

Recurrent on admission 

42 

oO 

72 

G3 

Total 


27 

00 

50 


Table 9. — Rapid Recurrence After Radical Mastectomy 


Immediate 

Within 1 month. 
Within 2 months 
Within o months 

Total 


17 

13 

10 

.01 (27%) 


ful physical examination should the surgeon reach a decision as to the 
favorable condition of the patient for operation. 

Concerning the surgical technic, one is impressed with the tendency 
to perform radical amputation with too much speed and too little care, 
the operation often being a traumatizing procedure. Unless every detail 
of surgical technic is carefully thought out and put into practice, early 
recurrence will surely follow, and the study of the present series of 
cases proves that the hazard of early recurrence is present to a much 
larger degree in young than it is in older women. 

The following history indicates the lack of wisdom in opeiating on 
a younger woman in whom the condition was clearly inoperable from 
the outset. 


Case 8 (no. 260).— S. A., aged 40, a white woman, married, was born 
She had had seven previous lactations, the first seventeen years an t le as 
year before admission. She usually nursed her babies for eighteen mont is. 
weeks before she entered the Memorial Hospital she noticed that t e n i » 
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breast was becoming swollen. Shortly afterward the breast felt hard. The .«wcll- 
ing increased rapidly, and at this time the patient noticed sticking pains and a horn- 
ing sensation in the breast. 

Physical examination showed the patient to be in fair general nutrition. The 
entire right breast was enlarged and completely occupied by a tumor. There wa.^ 
marked retraction of the nipple, which was edematous, and the lower segment of 
the breast showed a definite pigskin appearance. There was fixation of the skin 
to the underlying mammary tissue, and the surface of the breast was red, with 
irregular multiple nodules over it. There was a large chain of hard nodes in the 
right axilla and a questionable node in the right supraclavicular region. A roent- 
genogram of the chest was made and was negative for metastasis. A diagnosis of 
inoperable carcinoma was made, and it was decided that the patient should be 
treated entirely by irradiation. One high voltage cycle of roentgen ray was given 



big. 8 (case 260). — Photograpii shows e.xtensive j)igskin appear.'iuce of the right 
l)reast. 

over the right breast and drainage areas uith the following '•(.t-uj): time, .six 
minutes: milliampcres. -I; tiller. 0.5 mm. of copper; siiark gaj'. cm., at .a foc.i! 
distance of 50 cm. The patient left the clinic, and two im nth'- later a r.adic.d 
amputation was performed. 

The itathologic report of the tissue rennned '-lu-v.ed thi ca-e to 1 i mu- •■f im'l- 
tratiug carcinoma simplex, \\ith large opaque celK. Tv.o tm mb' aft. r the • ;i-. r:.- 
tion a letter from the patient stated th.at -lie wa- "ia :r.e rov. , In; ;■ d i;,- ;t;^ 

way 1 expected to be, I believe it'- starting m my other 1 rea-t r- . ], cciito t- d:.-. 

it’s .all inflamed and \ery feveri-h. H.ave .a p-ain m. it and in the ; <• r.w ; rm." 

During thi- time she wa- -till going to tli'- la -nit.al i> r f!ri"h>i;'. e •; 

not having healed. Through the wi-nnd o;er..ti. n ,a ft;; gati' g r :• rm. !. 

and, ahhongh some attempt i\.a- made to e'. ntri 1 tie eh'-e:.-. I -h' tr.. im;..'' - 

ticn, the whole proe'e-- wa- r.apidli pr. gri--'ii. '.m:’; '.eiii. d’ ”, :• 1 - 

Ii.atient dieil live m. nth.- after the < pen.t- ; -eee;; -- nt' - 

I'i -\mptom-. 
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One hundred and forty-three patients are available in whom five 
year end-results n,ay be tabulated. Figure 9 gives the percentage 
ttee ahve and well at intervals of six n.onths during the enth: live 

PATHOLOGIC REPORT 

Gross material, nticroscopic slides or histologic reports from other 
hospitals were obtained in 169 of 303 patients. 



Fig. 9. Percentage of 143 patients alive and well at the end of five years 
following radical mastectomy. 


From the Memorial Hospital, tissue was available for study in all 
of the forty-four j^rimary operable cases and in twenty-eight of the 
sixty primary inoperable cases. In the group referred to us by other 
New York hospitals for postoperative irradiation, slides were available 
in the majority of instances, and in practically all of the other cases 
of this group, histologic reports were sent to the clinic. Few micro- 
scopic slides were obtained of the cases in the recurrent group, but m 
approximately one half of these, histologic reports were obtained. 
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A wide variation exists in the minds of difterent pathologists as to 
the histologic types of mammary cancer. Therefore, a tabulation of 
these 169 patients would appear to us to be of little value from the 
standpoint of accurate information on the histology of this disease, so 
we have excluded it from this report. 

Tissue for histologic study in the laborator}'^ at the Memorial Hos- 
pital was available in seventy of the patients. In eight instances the 
histologic material obtained from sources outside the hospital was of 
such a character that it was impossible to determine the type of the 
disease. Table 10 indicates the types encountered in the remaining 
sixt}'-two patients. Inspection of this table shows that forty-two cases 
(or slightl}’- more than two thirds) were of the duct carcinoma t3^pe; 
ten of these were of the small cell variety, which has been considered 
in the laboratory a particularly menacing form of the disease with a 

Table 10. — Histologic Types of Sixty-Two Patients 


Xumber of 


Adenocarcinoma Patients Total 

Bulky adenocarcinoma 12 

Gelatinous adenocarcinoma 2 

Papillary adenocarcinoma 2 16 

Duct carcinoma 

Small cell duct carcinoma 10 

Infiltrating duct carcinoma 27 

Large cell duct carcinoma 1 

Duct carcinoma, sweat gland type 2 

Intraductal papillary carcinoma 2 42 

Infiltrating tubular carcinoma 3 3 

Carcinoma simplex 1 1 


tendency to disseminate earty and widely; twenty-seven others were 
classified as infiltrating duct carcinoma. This form of the disease, 
although less active than the small cell type, is nevertheless serious. Of 
the sixteen adenocarcinomas, twelve were classified as of the bulk}" 
adenocarcinoma type, which early in its course is not a highly malignant 
tumor of the breast; later, as the disease progresses and nodes become 
involved, it shows infiltratAe qualities, and in this stage presents a 
serious form of the disease. There were but two cases of gelatinous 
adenocarcinoma, a tumor generally recognized as of low grade malig- 
nancy. Two cases of papillary adenocarcinoma and two additional ones 
of intraductal papillary carcinoma were also encountered, and both of 
these lesions are relatively benign. The histologic survey demonstrated 
that but six cases of the entire group were of low grade malignancy. 




108 


ARCHIVES OP SURGERY 


Histologic grading was done in forty-three of the patients, placing 
SIX in grade 1, twenty-six in grade 2 and eleven in grade 3. The thirty- 
seven patients falling into grades 2 and 3 constituted 86 per cent of the 
forty-three cases studied. 

In this series fifty-two of the histologic slides studied with respect 
to radiosensitivit}' showed that thirty-six could be classified as radio- 
resistant and but sixteen as radiosensitive. An attempt to determine 
the quality of radiosensitivity or radioresistance in mammary cancer is 
attended with considerable difficulty. It seems probable that the reac- 
tion of tumor tissue to irradiation depends as much on such factors as 
the supply and abundance of the blood and the character of the stroma 
as on the inherent qualities in the cancer cell itself. The small cell 
duct carcinomas are generally regarded as radiosensitive, as are also 
seme of the papillary adenocarcinomas. If the tumor is highty cellular, 
with little stroma, one is inclined to consider it as sensitive to irradiation. 
One cannot conclude that a high degree of malignancy is always associ- 
ated with i-adiosensitivit}\ for some of the highly malignant forms of 
mammaiy cancer are comparative!)’ radioresistant. 

Histologic studies were made of a similar number of patients in the 
age group of 60 years and over, in order to determine if any marked 
difference existed in the histologic appearance as compared with that 
of the younger patients. This study revealed that more tumors of an 
adenocarcinomatous type and fewer instances of small cell duct car- 
cinoma were apt to be encountered in the older women. No marked 
difference could be discovered in these two divergent age groups with 
respect to the quality of radiosensitivity. 

TREATMENT 

The first stejj in the appropriate treatment of a young woman suf- 
fering from a tumor of the breast is a complete physical examination 
to establish a correct preoperative diagnosis. If a diagnosis of mam 
mary cancer is made, or is strongly suspected, rosntgenogiams of the 
chest and osseous system should be studied for metatyases. If ti- 
breast is largely occupied by tumor tissue, if the axillaiy nodes are 
extensively invaded or if there are one or more cutaneous noduhs o^er 
lying the tumor in the breast, the case should be considered inopeia J e 
On the other hand, if there is a small or moderate-sized tumor 
breast, without invasion of the axillary nodes or with but one or 
palpable nodes, radical amputation would seem the propei con 
follow. Before surgical intervention is undertaken, the patien 
be treated adequately by irradiation, a cycle of high 
treatments being given over the breast and drainage ar eas. ■> 
is radiosensitive, regression in size will follow witnn trree 
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weeks. Xo benign tumor of the mammary gland responds in this wav 
to irradiation. If the tumor is of radioresistant type, the degree of 
regression will be less marked or there may he no diminution in size. 

Recent investigations at the 3.Iemorial Hospital have shown that 
devitalization of mammary cancer requires the equivalent of ten full 
erythema doses that can he delivered h\' high voltage roentgen rays to 
the most distant part of the tumor. During the past few months. I 
have attempted to deliver this dose by supplementing the high voltage 
roentgen cycle with interstitial radiation, furnished by the insertion of 
gold radon seeds directly into the mass. The tumors are carefullv 
measured and their exact size and shape plotted. Through the cooper- 
ation of the physics department, we have been able to obtain information 
as to the exact amount of gold radon seeds which must be implanted 
to bring the total dosage up to an equivalent of ten erj-thema doses. 
This amount is apparently sufificient to devitalize the most radioresistant 
cancer of the breast. The a.xilla is treated in a similar manner. Rad- 
ical amputation is performed from four to five weeks after the insertion 
of the radium, and histologic studies revealed in many instances almost 
complete devitalization of the tumor. Time will show whether the end- 
results following this procedure justify the method. 

Following the operation, postoperative irradiation is for the present 
being withheld, because it seems wise to determine the adequacy of pre- 
operative irradiation. 

A similar procedure is followed in the patients in whom the disease 
has passed beyond the stage of operability. If an ulcerating mass is 
present, a palliative mastectomy is often done one or two months after 
the completion of adequate irradiation. This operation should never be 
attempted if tumor tissue stretches continuously from the breast up to 
and into the axilla. 

The radium element pack may be substituted for high voltage roent- 
gen rays if the process appears to be sharply defined, and we e.xpect a 
more pronounced regression following its use than when high voltage 
roentgen rays are employed. 

A continuous follow-up in this group is even more essential than in 
women of older age periods. 

SUVIM.VRV 

Cancer of the breast in young women is a much more menacing 
disease than it is in midlife or in old age. The course is often dramatic 
in its rapidity, almost simulating an infectious process. When the first 
symptom is a diffuse enlargement of the breast, a redness overlying the 
mammary gland or pain, surgical inter%-ention is futile. more care- 
ful examination of younger as compared to older women must he 
exercised before radical operation is undertaken. Early recurrence is 
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more frequent in younger than in older women, and indicates either a 
poorly chosen case for surgical intervention or poor surgical technic or 
both. In many of these patients, reliance must be placed entirely on 
radiation therapy. In well chosen cases, well planned adequate irradia- 
tion combined with a carefully performed radical amputation yields the 
best results. 



ESOPHAGEAL FISTULA IN THE EXPERIMENTAL 

ANIMAL ^ 


T. S. WILDER, M.D. 

AND 

JOSEPH STOKES, Jr., jNI.D. ' 

PHILADEXPHIA 

It has never been entirel)" clear that a failure of saliva to reach the 
stomach, owing to complete stenosis or to fistula of the esophagus, is of 
itself incompatible with normal growth, although such a possibility has 
been suggested by more than one author. Chevalier Jackson ^ noted 
the clinical benefit to patients with esophageal stenosis of their adding 
saliva to their food by preliminary chewing. In a personal communica- 
tion Prof. A. J. Carlson mentioned a child with complete obstruction 
of the esophagus who was undoubtedly helped by a regimen of mastica- 
tion of food before its introduction into the gastrostomy tube by which 
she was fed. Carlson ascribed the rapid gain in weight which he 
observed mainly to the secretion of gastric juice accompanying appetite 
and the chewing reflex, and questioned the importance of the actual 
presence of saliva in the food. Likewise, Prof. A. C. Ivy wrote us that 
he produced complete esophageal fistulas in dogs and maintained them 
for over a year by careful gastrostom}^ feeding accompanied by sham 
drinking. It seems probable, as Ivy suggested, that the benefit from 
mastication of food may lie, not in the saliva, but in a “cephalic condi- 
tioning of the digestive organs for both the motor and secretor}’ work 
the}^ are about to perform.” 

It is, of course, possible that continuous loss of salivary secretions 
from the body may cause a depletion of such mineral substances as 
sodium, calcium, potassium, chloride, phosphate, etc., contained in the 
saliva. Gamble and Ross - showed that pyloric obstruction may reduce 
the total chlorides of the body by one-third, with fatal results. The 
experiments of certain other workers suggested that a possibly analogous 
effect may be produced by obstruction higher in the intestinal tract than 
the pylorus — that is to say, at the cardia or even in the midesophagus. 
Haden and Orr ® produced esophageal obstruction in dogs with rapidlv 

* Submitted for publication, Nov. 14. 1930. 

* Aided by a grant from the Duane Fund for Surgical Research. 

* From the Laboratory of Research Surgery and the Department of Pedi- 
atrics, University of Pennsjdvania Medical School. 

1. Jackson, Chevalier: Arch. Pediat. 40:324. 1923. 

2. Gamble, J. L., and Ross, S. G. : J. Clin. Investigation 1:403. 1925. 

3. Haden, R. L., and Orr, T. G.: J. Exper. Med. 38:477. 1923. 
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fatal results, their chemical studies showing- a decrease in the chlorides 
of the plasma and an increase in nonprotein nitrogen. The explanation 
offered by these authors presupposed the rapid formation in the 
obstructed esophagus of a toxin which induced a fatal toxemia. With 
this hypothesis Wangensteen and Chunn '' disagreed. They, too, reported 
a rapid lethal outcome following the operation, but felt that the adminis- 
tiation of saline solution subcutaneously prolonged life by replacing salt 
and water that had been lost. T. lie authors reached this conclusion from 
the fact that they had observed a decrease in the chlorides of the plasma 
and from noting the urinary excretion of salt and water. They stated 
that “on the same basis of loss of fluid and fixed base from the body, 
some alteration in the permeability of tissue is necessary to explain the 
death of an animal with esophageal obstruction, or a rabbit with duo- 
denal obstruction that does not vomit.” Later, the force of this argu- 
ment was weakened when Gamble and IN'IcIver explained the appar- 
ently anomalous behavior of the rabbit by showing that following pyloric 
obstruction chlorides accumulate in the stomach of this animal to such 
an extent that the body as a whole is depleted fully as much as though 
the gastric secretions had been vomited. In a recent paper White and 
Fender “ showed that the retained secretions above a jejunal obstruc- 
tion, when removed and reinjected below the obstruction, prolong life 
as efficiently as does saline solution, with no signs of toxicity. 

Further work of an experimental nature by Andrus and Donnelly 
recently appeared. These authors reported the death of animals with 
complete esophageal obstruction in an average of fifty-three hours; 
similarly, animals with complete esophageal fistula died in an average 
of seventy-three hours. In their experiments the administration of 
solutions containing sodium chloride or sodium chloride plus sodium 
bicarbonate appeared valueless. These authors stated that the cause of 
death is not clear and intimated that the loss of saliva may play an 
important role in the lethal outcome. Although this may ^ be 
considered as a possibility, it is difficult to imagine a chemical 
mechanism to explain it, whereas loss of chlorides from the stomach in 
pyloric obstruction has a perfectly obvious physiologic implication. 


4. Wagensteen, O. H., and Chunn, S. S. : Studies in Intestinal C^struction 
III, Simple Obstruction ; a Study of the Cause of Death in Mechanical struc 
of the Upper Part of the Intestine, Arch. Surg. 16:1242 (June) 1928. 

5. Gamble, J. L., and Mclver, A.: J. Clin. Investigation 1:531, 1925. 

6. White, J. C., and Fender, F. A.: The Cause of Death in 

High Intestinal Obstruction: Experimental Evidence to Show that ea i ® 

Not to Toxemia, But to Loss of Digestive Fluids and Salts, Arc . urc,. 

Andrus, W. de W., and Donnelly, J. L; Effects of CerHin 
the Esophagus of the Dog, Including Esophageal Obstruction an 
Esophageal Fistula, Arch. Surg. 2-0:1 (Jan.) 1930. 
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Indeed, if the deaths observed could be explained by the loss of chemical 
substances from the body, pyloric obstruction should be more rapidly 
fatal than esophageal obstruction instead of less so, since saliva is lost in 
both instances and the gastric secretion is lost only in the former. 

The feeling is now general that no satisfactory explanation for the 
rapid deaths observed in experimental esophageal obstruction or in fistula 
has been advanced. It is possible, as Ivy suggested, that neither toxemia 
nor loss of saliva is responsible, but rather some kind of obscure “reflex 
or pulmonary disturbance.” It is possible that technical difficulties in 
producing low esophageal obstruction and fistula may play a part in the 
high mortality previously reported. 

Whether or not one regards the rapid loss of salivary secretions as 
serious, there is evidence that the mere lack of saliva is not particularly 
harmful. In the first place, there are reports of at least two cases of 
congenital absence of all the salivary glands ; one, cited by Blackmar,* 
occurred in a boy, 11 years old, and another, cited by Ramsey,” in a girl, 
aged 5, whose father was similarly afflicted. On the experimental side, 
Hemmeter concluded from his work that extirpation of the salivary 
glands in dogs reduces gastric secretion, whereas Swanson “ in repeat- 
ing the work failed to agree with this observation. 

There are apparently no data as to the degree of retardation in 
growth of the young animal that may be expected either from lack or 
from loss of saliva. Although this is a slightly different aspect of the 
problem from that discussed in the preceding paragraphs, it has been of 
chief interest to us because of its bearing on a case occurring in a 10 
year old patient of Dr. Chevalier Jackson’s, which it has been our 
privilege to study. This case, one of complete stenosis of the esophagus 
of eight years’ duration, reported by us elsewhere, need be mentioned 
only in passing. So extreme was the child’s malnutrition when we first 
saw her that we were almost willing to concede that her daily loss of 
saliva was perhaps largely to blame for her condition. Somewhat to 
our surprise, we found that as soon as we adapted the quality, con- 
sistency and caloric value of the patient’s diet to the requirements of 
gastrostomy feeding, a remarkable change occurred. The weight 
increased from 37 to 65 pounds (16.8 to 29.5 Kg.) in ten months. 
During the last three months of that period the child was not permitted 
to mix any saliva with her food, a change that caused no slacking in her 
rapid rate of growth (a steady 3 pounds [1.4 Kg.] per month). More- 

8. Blackmar, F. B.: Am. J. Ophth. 8:139, 1925. 

9. Ramsey, W. R. : A Case of Hereditary Congenital Aijsence of the Salivary 
Glands, Am. J. Dis. Child. 28:440 (Oct.) 1924. 

10. Hemmeter, J. C. ; Science 26:473, 1907; Tr. .'\m. Gastro-Enterol. .A., 
11 : 5 , 1908. 

11. Swanson, A. M. : Am. J. Physiol. 43:205, 1917. 
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over, there was no anemia, and roentgenologic examination of the bones 
showed normal structure. Our tentative conclusion was that in this 
instance the loss of saliva had not been intimately associated with the 
retarded growth and development. 


EXPERIMEKTS 

Since similar cases in man are rare, we decided to attempt to dupli- 
cate the condition, in a litter of month old pigs, these being in some 
ways more suitable for comparison than are the more common laboratory 
animals. A three-stage operation was performed by Dr, I. S. Ravdin in 
the following manner : 


With the animal under sodium ainytaJ anestliesia, a 3 inch (7.6 cm.) incision 
was made just behind the posterior border of the lower end of the sternocleidomas- 
toid muscle. The esophagus was freed for about 3 inches (7.6 cm.) and brought to 
the surface. Next, the midportion of the original wound was closed, leaving a por- 
tion of the esophagus e.xternal to the skin. Petrolatum and a gauze dressing were 
applied, and after a few hours the pig was allowed to drink small amounts of fluid. 
There was evidently some difficulty in swallowing, since the animals operated on 
voluntarily limited their intake of food to a fraction of what it had been previously. 
In from one to four days following tlie operation, an opening was made in the 
esophagus with a cautery, and liquid food was introduced into the stomach at 
regular intervals. Later the esophagus was divided, and we then had two 
esophageal fistulas; from the upper one saliva flowed, and into the lower one food 
and water were introduced. 

Control animals were fed the same diet per kilogram of body weight as the 
animals operated on received by tube three times a day. The food was liquid, with 
milk as a basis, to which were added dextrose syrup, cod liver oil, tomato juice 
and vitavose to supply calories and vitamins. 

Two groups of animals were used. The first group consisted of nine pigs, of 
which one, born late in December, was operated on on January 23. Of the remain- 
ing eight, born in one litter on January 4, six were subjected to operation (four 
on February 3 and two on March 5). In no instance did we have a sudden death 
following operation, the shortest period of survival being five days in a pig that 
had had diarrhea. A second pig died of mediastinitis nine days after operation, a 
third of abscess of the lung and pericarditis in fourteen days, and a fourt m 
twenty-six days of porcine scabies, which also killed one of the controls (no 
operated on) ten days later. 

Four animals then remained, and of these one died on the hundredth ® ^ 
ruptured stomach, produced, we supposed, by the tip of the tube used for ^ ee iUb 
T he other two animals operated on were killed on the hundred and tnrtj secon 
day when they had become too large for convenient handling. 


Figure 1 illustrates the excellent gains in weight made by tie ite^ 
last mentioned animals despite their esophageal fistulas. To ^ 
even better gain was made by the control, but this is not surpiisiia 
view of the handicaps the animals operated on were under eca 
the abnormal method of feeding and the loss of fluid as ^ J’ 

the upper fistula. We experienced, indeed, considerable i cu > 
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the feeding by tube, owing to a tendency on the part of the animals to 
regurgitate some of the food. Moreover, unless food was given very 
slowty, there were symptoms of painful distention of the stomach, due 
perhaps to absence of reflex relaxation. Undoubted!}', the psychic dis- 
advantages of feeding by tube militated against the complete success 
of this procedure in the animals operated on. 



Fig. 1. — Weight curves of three pigs with e-xperimental esophageal fistula and 
of one control (no. 40). Pig 34 was operated on on Jan. 23, 1930, and pigs 
39 and 42 on the dates indicated by E, following which the esophagus was opened 
on the dates indicated by O. The esophagus was completely divided within 
sevent 3 '-two liours from the time it was opened. 


Loss of saliva from the fistulas might have aft'ected the pigs operated 
on unfavorably in two ways: (1) by depriving them of whatever diges- 
tive value this secretion may possess, and (2) by depleting the body of 
fluids and certain mineral ions. An estimate of the loss sustained is 
difficult to make, but in view of the fact that the salivart' secretion in 
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man is reputed to be from 1,000 to 3,000 cc. daily, it is probable that 
the pigs lost from 200 to 500 cc. Certainly there was marked drainage 
from the salivary fistulas, a fact appreciated by the control animal, 
which developed the habit of sucking at the necks of his companions. 
It was to compensate for the salivary loss that we commenced giving a 
daily ration (300 cc.) of 8.9 per cent saline solution to the pigs when 
thev were 3 months old (fig. 1). Apparently this did not exert a 
noticeable effect on the weight curves during the ensuing two months. 

Shortly before we were read}'’ to terminate the experiment we 
caused complete obstruction of the esophagus of the two pigs operated 



Fig. 2. — Three pigs of the first litter; to the left, pig 40 (control), at the 
center, pig 42 (fistula), and at the right, pig 39 (fistula). 


on that remained. This was maintained for ninety-six houis, the am 
mals receiving no food or water. The obstruction was then lemore , 
but food and water were withheld for another twenty-foui hours, 
animals were then fed as usual, and in three weeks one had game o\ 
1.5 Kg. Both were in excellent condition, but the second pig ’ 
gain much weight, owing to increased regurgitation of food. tm 
elusion was that the four days of acute obstruction ha . 

disturbance aside from that of temporary starvation an eiy 
A second litter (five pigs born on May I. 1930) rvas 
May 28. and two of them were subjected to operation on Jm 
object was to duplicate the previous experiment witi a ^ 
tion, the addition of saline solution, from the begmmn,. 
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diet of the animals operated on. The only other differences were that 
the second litter was somewhat heavier than the first and benefited also 
from the improvement in our technic resulting from our experience in 
the postoperative management of the first litter. 

The results were similar to those previously obtained, except that 
neither of the animals operated on and none of the controls died. The 
gain in weight following operation was more immediate and there were 
not the difficulties in feeding encountered in the previous experiment. 
The table lists the changes in weight. 

The animals were slaughtered thirty-eight days after operation, as 
we felt that there was no object in carrying the experiment any further. 
It is worth mentioning, perhaps, that in the eighteen days between June 



Fig. 3. — The second litter one week after the completion of the fistulas. 


Changes in Weight in Pig^ Subjected to Experimental Esophageal Fistula 


Pig G6 Pig G7 Pig OS Pig 09 Pig 70 

Date Kg. Kg. Kg. Kg. Kg. 

/Tunc 2 0.1 0.5 (.0 7.0 0.2 

June 0 Control Operated on Operated on Control Control 

June 7 ... Operated on Operated on 

June 9 0.0 5.9 V.O 7.1 7.0 

June 27 8.S 7.3 S.3 9.2 9.1 

July 11 y.l S.2 S.5 10.0 10.3 

July 11 (All animals .oiauglitercd) 


9 and June 27 the animals operated on added 22 per cent to their weight 
and the controls 25 per cent, practically identical amounts. These figures 
may, however, favor the animals operated on to some extent, .since part 
of the excellent gain in at least one animal may have been merely replace- 
ment of body fluids lost in connection with the operations of June 6 
and 7. 
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COMMENT 

We attempted to investigate the effect of complete loss of saliva on 
the growth of a young animal (the pig). Somewhat to our surprise, our 
results appear to indicate that an esophageal fistula is not in itself 
paiticularly inimical to normal growth. The use of a three-stage opera- 
tion probably contributed materiall)'’ to the ease with which experimental 
fistulas were secured and maintained in our animals. We did not 
encounter instances of rapid death such as had been reported by various 
authors in the case of dogs. The explanation may hinge either on out- 
use of a different animal or on our use of a different operation. So far 
as we have shown that loss of saliva is comparative^ safe, we have 
perhaps helped to rule out that factor as an element in the lethal out- 
come of such operations on dogs. As to what other factors may be at 
work we have no data. Even in our animals there were periods 'of 
choking and cyanosis, which resulted either from aspiration or, as has 
been suggested by Ivy, from some type of reflex pulmonary disturbance. 
Possibly, in dogs this particular hazard is greater than in pigs. It 
would, perhaps, he interesting to attempt the three-stage procedure in 
dogs. 

Chemical studies of the plasma would have been difficult to obtain. 
^Moreover, we felt them to be superfluous in our experiments, as soon as 
it became apparent that the pigs did not die. In the rapidly growing 
young animal one would certainly not anticipate marked deviations from 
normal. 

As to the clinical application of the work that we have outlined, we 
can suggest only that patients with esophageal obstruction or fistula 
require primarily individual dietetic care with particular attention to 
adequate calories in liquid form. The psr’chic benefit of pieliminar} 
mastication of food should not be overlooked as a measuie of consider 
able secondar}- value. 

SUMMARY 

1. In month old pigs, experimentally produced esophageal fistul 
causing complete loss of saliva did not materially inter fere v ith non 
growth. 

2. The operations were performed in three stages, withorrt the c 
plication of rapid death that had been repor'ted in the case o o^ 

3. Apparently loss of saliva is less har-mful, and proper ^ 

management more important, in these conditions t ran 
supposed. 



PARTIAL CHOLECYSTECTOMY 
W. L. ESTES, Jr., jNI.D. 

BETHLEHEM, PA. 

From the reports of the end-results of operations on the gallbladder, 
cholecystectom}^ has been shown to be the operation of choice in disease 
of the gallbladder with or without stones. 

In patients with acute infections of the gallbladder, frequently bad 
risks, cholecystectomy is often technicall}'- difficult, and cholecystostomy 
is resorted to because of the ease and rapidity with which it may be 
executed, as well as the fact that drainage of the biliary tract may be 
indicated, and it affords a ready means of drainage of the biliary 
ducts. In from 25 to 50 per cent of the cases, this measure is only 
palliative, and cholec)'Stectom 3 ^ is later necessary because of persistent 
infection in the gallbladder with recurrent symptoms, the formation 
of stones or a biliary fistula. The ideal operation for even acute 
cholecystitis, provided it were safe, would be cholecystectomy or an 
operation that would destroy or remove the gallbladder, provide drainage 
of the bile passages and avoid the likelihood of a second operation. 
When, however, disease of the gallbladder is complicated by marked 
pancreatitis, diffuse cholangeitis or involvement of the common duct, 
the use of the gallbladder for drainage may outweigh the necessit}' 
for its extirpation, or it may be needed for a later cholecystenterostomy. 
Likewise, cholecystectomy is especially dangerous in the presence of 
jaundice, because of the likelihood of hemorrhage from the gallbladder 
fossa or liver, which may he difficult to control. Cholecystostomy may 
therefore be an operation of necessity or an operation of choice. In 
the cases in which cholecystostomy is used of necessity, cholecystectomy 
would be preferable, but it is abandoned because (1) drainage is 
indicated, or (2) it is technically too difficult or impossible. 

In 1923, in a case of multiple stones in the common duct and gall- 
bladder with obstructive jaundice, I observed Dr. W. J. i\Iayo, instead 
of performing a cholecA'stectom}' or the usual cholec_vstostom\'. split 
the gallbladder from fundus to ampulla, remove the stones, and con- 
clude by holding the gallbladder open its entire e.xtent b_v properly 
placed drains. 

A short time later, I was confronted b_v a case of gangrenous 
cholecystitis with stones in which complete cholecystectomy was defi- 
nitely indicated ; because of inflammatory induration about the cystic 

•' Submitted for publication. Xov. 3. 1930. 

" Read in part at the ^feeting of the Southern Surgical Society. Dec. II. 192?. 
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duct, however, this method seemed technically inadvisable and probably 
dangerous. I therefore resorted to this same splitting of the gallbladder 
after removal of the stones, hut supplemented it by trimming off the 
excess portion of the gallbladder close to the fossa in the liver, attempt- 
ing to obtain the effect of a complete cholecystectomy, to permit drainage 
of the cystic duct and to avoid a two-stage operation, as is often 
necessary when only cholecystostomy is done. This partial cholecystec- 
tomy I have used in seven carefully selected cases. Convalescence 
has usually been uneventful; there have been no mortality and no 
evidence of peritonitis. 

OPER.M'IVE PROCEDURE 

The gallbladder is exposed bj' an incision tbrougb the upper part of the 
rectus muscle. It is carefully surrounded by gauze packs, and the bile and fluid 
contents of the gallbladder arc removed by aspiration. The fundus is then incised, 
and stones, if present, are removed. The gallbladder is dried and swabbed out 
with tincture of iodine. It is split from the fundus down to the cystic duct, and 
partially removed by trimming away the redundant part of each half down to the 
border of the liver. The bleeding from this cut edge is controlled by ligature or 
lock stitch up each side. Two or more cigaret drains are placed close about the 
cystic duct and brought out against the remnant of the gallbladder; the omentum 
is carefully tucked in between these drains and the duodenum, and the wound is 
closed. 

REPORT OF CASES 

Brief abstracts of seven cases are appended to show, particularly, 
the end-results. 


Case 1. — History . — A man, single, aged 40, for si.x years had had a 
dull pain in the upper right quadrant of the abdomen, one-half hour after meals, 
which was relieved by soda. This pain recurred every month. There was no 
jaundice. Nineteen years before admission to the hospital, the patient had had 
a triple amputation, in which both thighs and the left arm had been removed. 

Examination . — The patient had a round, thick, obese torso. There was no 
jaundice. The thighs had been amputated in tbe middle thirds, and good stumps 
had been left ; the left arm had been amputated in the upper third. The ab omei 
was very fat, with slight tenderness over the right side of the hypocion 
Roentgenograms showed a pathologic gallbladder. The results of the ouc e 


were positive. 

Operation . — The abdominal wall was excessively thick and fat, the In 
high and enlarged, and the gallbladder was small, and thickene , wit i a e 
to obliterate and contained twelve stones. The common duct was i . 

palpation. The gallbladder was exposed with great difficulty, an " partial 
was attempted, it ruptured near its base. The stones were ^ attached 

cholecystectomy was performed. The part of the gallbladder ' 
to the liver was allowed to remain, and three cigaret drams were ^ 

Course . — Vomiting continued until lavage on the second the 

brownish, serous discharge on the fifth day. The (Staphvlococcus 

eighth day. There was no biliary discharge. A small abscess (A r - 
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aureus) in the fat, lower angle of the wound appeared on the sixteenth day. The 
wound was completely healed, and the patient was discharged on the forty-second 
day. 

Four years later, it was found that the patient occasionally belched gas. The 
wound was well healed, except for a postoperative hernia at the site of drainage. 
One month before the writing of this paper the patient was admitted to the medical 
service with jaundice and symptoms of obstruction in the common duct, which 
were relieved by Lyon biliary drainage. Twelve months later, there had been no 
recurrence of symptoms. 



Fig. 1. — Splitting the gallbladder after aspiration (small inset), removal of 
the stones and swabbing with tincture of iodine. 

Case 2. — Ilisfory . — A woman, aged 5l, married, who had no chil- 
dren, underwent a bilateral oophorosalpingectomy at the age of 25. For seven 
weeks before admission to the hospital, she had frequent attacks of severe cramps 
in the upper right quadrant of the abdomen, radiating to the riglit shoulder and 
requiring morphia for relief. There was slight jaundice at the onset of tlie 
symptoms, with nausea and vomiting. 

Exaniinatiou . — Tlie patient was obese and did not have jaundice. Marked 
tenderness, rigidity and an indefinite mass were present in the upper right 
quadrant of the abdomen. There was a well healed suprapubic scar. K.xamina- 
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lion of the Wood revealed; white corpuscles, 17,200, and polymorphonudears 78 
per cent. Urinaly'sis gave negative results. 

Operation. The patient was operated on one-Iialf day after admission. The 
gallbladder was three tunes its normal size, gangrenous near its base and filled 
with stones {SAG) ^ and thin, pale pus, not bile-stained. The gastrocolic omentum 
^was adherent to it and was very tiiiclc and edematous. There were two large 
stones in the cystic duct, while examination of the common duct gave negative 
results. The gallbladder was isolated by packs, aspirated (the stones removed), 
swabbed with tincture of iodine and then split down through the ampulla. Partial 
cholecystectoiu)' was done. Four cigaret drains were inserted. The culture from 
the gallbladder was sterile. 

Course. There was free biliary discharge for ten days, but the drains were 
removed on the seventh day. The patient was discharged on the twenty-first day, 
with the wound healed. 

Four years later, the patient was found to be in excellent health, having had 
no indigestion, pain or discomfort since the operation. 

C.\SE 3. — History . — A woman, aged 39, married, who had three chil- 
dren, had had pain in the epigastrium, radiating to the right shoulder and back 
by “spells” for three years. She had had the present attack for the last twelve 
days and intermittent cramps vvith vomiting, water brash and pain after the 
ingestion of food. Ten years before, she had had a complete h}’^sterectomy. 

Exavunaiioii . — The patient was fat and not jaundiced. Marked tenderness, 
rigidity and an indefinite mass were present in the upper right quadrant of the 
abdomen. There was rigidity of tiie entire right rectus muscle, and a well healed 
suprapubic scar. Examination of the blood revealed; white corpuscles, 6,400; 
polymorphonudears, 82.5 per cent ; hemoglobin, 80 per cent, and red corpuscles, 
4,300,000. Roentgenograms showed a pathologic gallbladder. The Wassennann 
reaction was negative. 

Operation . — The patient was operated on four days after admission. The gall- 
bladder was thickened, inflamed and filled with thin fluid pus but no bile. Firm 
adhesions bound the omentum to the gallbladder, and one stone was impacted in 
the cystic duct. Examination of the common duct gave negative results. The 
gallbladder was carefully isolated bj'' gauze packs, split from the fundus to the 
cystic duct, the redundant portion excised, and the stone removed. A lock stitci 
was used to control the oozing from the cut surfaces. Four cigaret drains vere 
placed in the gallbladder fossa. The omentum was carefully placed against tne 
under surface of the liver. Culture from the gallbladder showed B. mucosus 


capsulatus. 

Course . — The patient was febrile, with a temperature ranging from 
202 F. for two days. There was biliary drainage on the fourth day. Ihe ra 
were removed on the sixth day, and replaced by a tube. Purulent ' f ^ 
charge followed, and the tube was removed on the fifteenth ® . 

discharged on the twenty-third day, with the wound practical y lea e , 
a superficial sinus with no drainage. , , 

There was no recurrence of pain or indigestion for four years , 


possible to trace the patient for the last two years. -i 

Case A. —History. —A woman, aged 45, married, _ '''tain '^radiating "to both 
for five months had had attacks of severe epigas ric ^ 

slioulders and back, with vomiting. These attacks occurre 
month. The last attack was on the day before admission. 
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Examination. — The patient was stout, with a faint icterus and marked tender- 
ness in the upper right quadrant of the abdomen. Examination of the blood 
revealed: white corpuscles, 15,000; polymorphonuclears, 79 per cent, and an icterus 
index of 13. The roentgenogram shoAved gallstones and a poorly filling gall- 
bladder. 

Operation. — The patient was operated on three days after admission. The liver 
was cirrhotic with a huge gallbladder, the walls of which were 1 cm. thick. One 
large stone was impacted in the cystic duct. A hard, indurated omentum was 



Fig. 2. — Suturing the cut margins of the gallbladder with lock stitch at the 
edge of the gallbladder fossa, the remainder of the gallbladder ha\ing been 
removed. 

adherent to the gallbladder. Examination of the common duct gave negati\e 
results. The gallbladder was isolated, aspirated, incised and swabbed thoroughly 
with tincture of iodine. The stone in the cjstic duct could not be rcmo\ed until 
the gallbladder was split down to the cystic duct. The free portion of tiie gall- 
bladder was cut aA\ay, and the cut edge sutured with a lock stitch. Four cigaret 
drains were used to hold the gallbladder fo^sa open and to drain the c\stic duct, 
and the omentum was placed against them. culture from the gallbladder was 
sterile. 
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Course . — The patient had a slight fever for four days, with only a serous 
bile-stained discliarge. The drains were removed on tlie sixth day. She was dis- 
charged on the thirteenth day, with a slight, persistent sinus. 

Two years later, the patient was completely relieved from symptoms, the 
wound had healed well, and there was no hernia. She had had no pain in the 
upper quadrant of the abdomen or indigestion since the operation. Recently, slie 
had had a pain in the lower part of the right side suggesting appendicitis. 

Case 5.— History.— A woman, aged 45, married, who had no children, had 
had a hysterectomy for fibroids ten years before admission to the hospital. 
She had never been pregnant. She had had attacks similar to her present illness 
one and two years before, but these had been mild and of brief duration. Twenty- 
four hours before admission to the hospital, while she was washing clothes, she 
was seized by a sudden, severe pain, with vomiting, which steadily persisted, and 
which was relieved by morphine two hours before admission. 

E.vaiiiiiiatiou . — The patient was moderately obese and slightly jaundiced; her 
teeth were in bad condition, and there were marked rigidity and tenderness in the 
upper right quadrant of the abdomen. No mass could be palpated, and there was 
a well healed suprapubic scar. 

Examination of the blood revealed : white corpuscles, 26,650 ; polymorpho- 
nuclears, 94 per cent, and icterus index, 8. Urinalysis showed a trace of albumin, 
sugar and bile. 


Operation . — The patient was operated on on the day after admission. There 
was an excess of turbid, peritoneal fluid. The gallbladder was very large and 
completely detached from the liver, except at the ampulla and cystic duct. There 
was no gallbladder mesentery. The gallbladder was thick and acutely inflamed, 
containing many large and small stones, with one impacted in the cystic duct. The 
common duct was edematous, but there was no stone. The pancreas was thick- 
ened. The gallldadder was isolated and aspirated, the stones were evacuated, and 
the entire cavity was swabbed with tincture of iodine. It was then resected, except 
for a small portion adherent to the liver above the cystic duct for 2 cm. This, and 
the cj’Stic duct Avere split wide open, the e.xcess margins trimmed away, and the 
cut surface sutured by lock stitch. Tincture of iodine was applied to the remnant 
that remained, and three cigaret drains were placed in and about the cystic duct. 
Streptococcus was cultivated from the bile of the gallbladder. 

Co ;/r.rc.— There was little if any drainage, with slight fever for five days and 
very light nausea. The drains were removed on the sixth day. The patient was 
discharged on the eleventh day, with a small discharging sinus. u i -n 

Three months later the wound had healed well. There was a sli^ it 
The patient was able to eat liberally without indigestion. 

One year later, the patient was entirely well, with no recurrent pain or 


gestion. 

Case 6. — History . — A man, aged 73. married, had had 
for many years, steadily increasing jaundice for two months, wit s i^. 


abdominal pain, anorexia and normal stools. . . . , 

Examination . — The skin was bronzed, and there was an Emphv- 

sclerae. The teeth were abscessed and there was upper dorsa opios 
sema was also present. The liver was large with an irregu ar e ^ ^gj^^o-rams 
tenderness but no definite mass in the region of the gallbladder = ^ 

showed the duodenum to be deformed from pressure rorn m ‘ . j2 850; 

index was 13.5. Examination of the- blood revealed: white corpuscles, 
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polymorphonuclears, 70 per cent; red corpuscles, 3,930,000, and liemoglobin, 80 
per cent. There was a trace of albumin and hyaline casts in the urine. 

Operation . — The patient was operated on three days after admission. There 
was marked cirrhosis of the liver. The gallbladder was hugely distended and 
almost gangrenous, containing 120 cc. of thin, pale green fluid and numerous 
small stones. The hepatic flexure was adherent to the fundus. There was indura- 
tion of the cystic and common ducts. The entire pancreas was thickened. The 
adhesions were separated, and the gallbladder was isolated, aspirated, incised 
widely and swabbed with tincture of iodine, and the stones were removed. Two 



Fig. 3. — A, drainage of the area of the gallbladder with cigarct drains. B, the 
omentum tucked between the drains and the nearby viscera. 


stones were also taken from the cystic duct. Partial cholecystectomy was per- 
formed, but no opening into the common duct was found. One tube was placed 
in the cystic duct, and four cigaret drains were inserted. A culture from the gall- 
bladder was negative. 

Course . — There was no drainage from the cystic duct, but on the fourth day, 
the jaundice was much decreased. The drains were taken out on the sixth day. 
The patient was discharged on the twenty-first day, free from jaundice, with the 
wound well healed. 

Six months later, the patient was completely relieved and well. 




126 


ARCHIVES OE SURGERY 


Case 7.— History.— A woman, aged 73. married, had had previous attacks 
twelve years and one week before admission. Two days before, severe pain 
developed in the upper right quadrant of the abdomen, which radiated to the 
shoulder and which persisted fairly constantly. i\'Iorphia^was given for relief. 
There was slight jaundice. 

E.xamination. — There were tenderness, rigidity and a mass in the upper right 
quadrant of the abdomen. Urinalysis gave negative results. Examination of the 
blood revealed : white corpuscles, 16,900 ; polymorphonuclears, 80 per cent, and 
blood urea, 23. 

Operation. — The patient was operated on four days after admission. Spinal 
anesthesia was used. The gallbladder was completel}’ gangrenous, moderately 
enlarged and surrounded by thick, plastic omental adhesions, partially perforated 
near the fundus. It contained thick, pale pus and three large, and numerous 
small, stones. One large stone was impacted in tiie cystic duct. The common duct 
and pancreas were normal. A culture from the gallbladder grew Bacillus coli. 
The gallbladder was aspirated and split wide open, and the stones were removed. 
Partial cholecystectomy was performed, and one tube was placed in the stump of 
the cystic duct. Four cigaret drains were also inserted.. 

Course. — There was free biliary drainage on the fifth day, and all drains were 
removed on the ninth day. The patient had no fever, and was discharged on the 
eighteenth day with a wound completely healed, except for a small sinus. 

Three months later the wound was well healed and there had been no hernia. 
The patient was well and free from pain and indigestion. 

Comment. — It will be observed that partial cholecystectomy has been 
used six times in cases of acute cholecystitis with a stone impacted in 
the cystic duct, and once in the case of a hugely fat man with a thick, 
round torso, in which the operation was exceedingly difficult and com- 
plete cholecystectomy seemed impossible. 

The patients with impacted stone in the cystic duct have shown no 
evidence of recurrence. Two have been followed for four years. The 
patient in case 1 recently had symptoms of involvement of the common 

duct. , 

Tincture of iodine was used to sterilize and destroy the mucosa o 
the remnant of the gallbladder. The actual cautery, however, ma) 
more effectual, as Pribram ^ recently suggested. 

COMMENT 

Partial cholecystectomy, I find, is not a new piocedure. 
and again in 1900, W. J. Mayo - reported cases, particularly of o s rn - 
tion of the cystic duct, in which removal of the stones an t ie ” 
membrane of the gallbladder was done instead of^ k 7 Ben- 

cystectomy. Partial cholecystectomy was described in - ) 

1. Pribram, B. O. : Zentralbl. f. Chir. 55:773, 1928. 

2. Mayo, W. J., in Mayo, W. J., and Mayo, C. H 
Previous to 1909, vol. 1, pp. 348 and 355. 


Collection of Papers 
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golea.^ In 1921, E. D. Martin ■* cited five cases of acute cholecystitis 
in which he had removed the stones, split the gallbladder and held it 
wide open with drains. 

In 1923, De Martel,^ in a series of fifty-two operations on the 
gallbladder reported that in two, in which it was difficult to separate 
the ampulla and the cystic duct from adjacent structures, he split the 
gallbladder from fundus to ampulla, divided the cystic duct and cut 
away the free part of the gallbladder, swabbed the remaining portion 
with tincture of iodine and drained it. Both patients recovered. : 

In 1924, Zabala and Bengolea ” cited four cases of partial chole- 
cystectomy with recovery; in one there was a mass of adhesions about 
the gallbladder; in another a calculus was impacted in the cystic duct, 
which was firmly indurated and adherent to the common duct; and 
in a third, a piece of the gallbladder was left near the C 3 'stic duct 
because of the friability of the tissue. They expressed the belief that 
the operation is indicated in severe suppurative cases in which resection 
would be fatal. The gallbladder is split and the stones are removed. 
Then the gallbladder is resected, leaving a portion attached to the 
liver; the mucosa of this remnant is curetted, and tincture of iodine 
is applied. 

Pauchet ’ decided that partial cholecystectomy was indicated : ( 1 ) in 
feeble or icteric patients, with stones in the common duct and gall- 
bladder; (2) in atrophic gallbladder with stones; (3) in cases of 
subacute or acutely inflamed gallbladder adherent to the adjacent organs, 
and in (4) suppurating cholecystitis with fever. He believed that 
this operation avoids cholecystectomy when cholecystectomy would give 
a mortality of 50 per cent. He followed Zabala and Bengolea’s technic, 
except that the remaining mucosa is swabbed with ether as well as 
with tincture of iodine, and when there are strong adhesions to the 
nearby intestines, the gallbladder is freed from the liver, and the portion 
adherent to the intestine is allowed to remain. The operation has been 
performed only in carefully selected cases in which cholecystectomy 
seemed to be indicated, but would be a dangerous procedure because of 
technical difficulties or the amount of infection present. In 1927, 
Gatch ® and Zimmerman ® referred to similar procedures before the 
Western Surgical Association. 

3. Bengolea, A. J. : Bol. y trab. de la Soc. de cir. de Buenos Aires, Nov. 26. 
1920, p. 285. 

4. Martin, E. D. : New Orleans M. & S. J. 74:204, 1921. 

5. de Martel: Bull. Soc. de Chir. 49:306, 1923. 

6. Zabala, A., and Bengolea, A. J. : Lyon chir. 21:281, 1924. 

7. Pauchet, V.: Gaz. de hop. 97:1077, 1924. 

8. Gatch, W. D. : Tr. West. Surg. Assn., 1927, p. 345. 

9. Zimmerman: Tr. West. Surg. Assn., 1927, p. 341. 



128 


ARCHIVES OF SURGERY 


CONCLUSION 

Partial cholecystectomy has, and should have, a restricted field. In 
patients in whom the surgical risk is thought to be great it should not 
replace cholecystostomy. Evidence of recurrent disease in the biliary 
tract has appeared in but one of seven cases, and in none of the cases 
in which a stone was impacted in the cystic duct. If argument were 
justified, based on so few cases, it would seem that this operation tends 
to act as a cholecystectomy — it prevents reformation or regeneration 
of the gallbladder and yet permits drainage as in cholecystostomy. It 
might, therefore, also have a field of usefulness' in the rare type of 
secondary operation on the gallbladder in which, owing to adhesions 
or to a liver that cannot be rotated, cholecystectomy, although indicated, 
would be impossible. 

SUM MAR V 

1. Partial cholecystectomy in properly selected cases seems a safe 
procedure. 

2. Its chief indication is in acute cholecystitis when a cholecystec- 
tomy is indicated and is technically impossible or unsafe, particularly 
in cases of an impacted stone in the cystic duct. 

3. It should never be used when cholecystectomy can be safely per- 
formed. 

4. The end-results in seven cases are reported. 



SPONTANEOUS RUPTURE OF THE URINARY 

BLADDER 


REPORT OF TWO CASES * 

EKIC STONE, M.D. 

I'ROVIDENCE, R. I. 

Rupture of the bladder by penetrating wounds was familiar to the 
ancients. Homer describes the death of Phereclus due to a spear wound 
passing from the buttock, through the perineum into the bladder. 
Spontaneous rupture, however, seems to have been recognized rather late 
in the history of medicine, as the first recorded case that an extensive 
review of the literature reveals is that of Pierus in 1279. For the next 
five centuries the cases of rupture of the bladder that were found were 
all of the traumatic type. The next reported case of spontaneous rup- 
ture was presented by Johnstone in 1773. Reports have become increas- 
ingly frequent since that time, until it is possible to review forty such 
cases to date. To these are added the two cases reported in this article. 

The paucity of cases may seem surprising, but it is partially due to 
the definition of the term “spontaneous rupture.'^’ The various interpre- 
tations of its meaning by different authors has led to considerable 
ambiguity in the classification of cases. Some authors, for example, 
have reported as “traumatic” cases in which a fall or a blow caused the 
rupture of the distended viscus without any penetrating wound of the 
bladder, while other writers have considered similar cases spontaneous. 
For this type of case, the term “concussional” is proposed. Again, 
fistulas between the bladder and the intestinal tract due to inflammatory 
adhesions between the two structures with destruction of tissue at the 
point of contact have been considered under the heading of rupture of 
the bladder by some authorities and as essentially enterologic lesions 
by others. They should be placed in the same category as vesicovaginal 
and vesico-uterine fistulas, and not be classified under ruptures. 

A clearer classification will be achieved if the term “rupture” is used 
to connote an evacuation of the bladder contents into a closed cavity, 
of which only two are accessible, namely, the perivesical space and the 
abdominal cavity. The term spontaneous rupture should be applied to 
those cases resulting from pathologic changes in the wall of the bladder 
or obstructive lesions at the neck of the bladder or in the urethra, 

* Submitted for publication, July 29, 1930. / 

* From the Gynecological Service of the Rhode Island Hospital. 
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irrespective of the presence or absence of pathologic changes in the 
bladder. With this redefinition in mind, the following classification 
is proposed for cases of rupture of the bladder: 

I. Traumatic 

A. Penetrating Wounds 

1. Bj’- objects entering from outside the body 

2. B}'- objects entering from inside tlie body as 

(a) Bone fragments 

(b) Foreign bodies Iiarbored within the bodj' 

B. Concussional (Falls or Blows Not Causing Penetrating Wounds of the 

Bladder) 

II. Spontaneous 

A. Inflammator.v Lesions of the Wall of the Bladder 

1. Intramural origin 

2. Extramural origin 

B. Malignant Disease of the Wall of the Bladder 

1. Intervesical 

2. Intravesical 

3. Extravesical 

C. Obstructive Changes at the Neck of the Bladder 

1. Prostatic enlargement 

(a) Benign 

(b) Malignant 

(c) Inflammatory (including seminal vesiculitis) 

2. Calculi 

3. Paralytic 

4. Uterine and adnexal disease in the female 

5. Occurring during labor 

D. Obstructive Lesions in the Urethra 

1. Strictures 

2. Valves diverticula 

3. Tumors 

4. Calculi 

5. Peri-urethral inflammation 

6. Peri-urethral tumors 


report of cases 

Case 1. — R. S., a girl, aged 9)4 years, was admitted to the 
on Nov. 22, 1928, complaining of a limp. The father and "rii^re was no 

well ; there were six siblings living and well ; none was ea . 
tuberculosis in the family. The child bad been admitted to against 

21. 1922, with an infected right, foot. She was discharge m ™ ^ 3 

advice, with the foot and lower part of the leg swol nsteomyelitis 

temperature of 100 F. She was readmitted on May 18, 1924, wi 
(nontuberculous) of the right os calcis, right hip and ng t u na. . £ 

admitted on Sept. II, 1924, with abscess in the right heel from 
OS calcis. On July 2, 1926, she came to the hospita t*”' ^ the 

the deformity of the right hip. She had been well fever, 

last admission, when she began to limp, developed pain in o 
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ExatuinatwH . — On physical examination, areas of dulness were found on per- 
cussion at the apex of both lungs, with moist rales on both sides througljout. The 
fremitus was normal. The edges of the kidney, liver and spleen were not palpable. 
There was tenderness in the right lower quadrant extending down into the right 
groin and most marked over the hip joint. No masses, spasm or rigidity were 
noted. Motions of the hip were limited in all directions and were painful. Roent- 
gen examination on Nov. 23, 1928, showed no evidence of pathologic process in 
the dorsal or lumbar spine. There was considerable increased density in the 
lung markings. The changes noted in the chest could be due to tuberculosis. On 
the day of admission, the urine was clear, yellow, acid, with a specific gravity of 
1.026 and no albumin or sugar ; the sediment showed a rare leukocyte. On Novem- 
ber 23, the leukocyte count was 15,000' with 83 per cent polymorphonuclears. The 
vaginal smear was negative. 

On December 7, frequencj% burning, spasm and extreme dysuria suddenly 
developed. The urine passed was thick with pus. The child had never before had 
any urinary symptoms. Urinalysis showed thick yellow urine with a specific 
gravitj' of 1.024, acid, no sugar, a large trace of albumin and sediment loaded with 
pus. No tubercle bacilli were seen. 

Operation and Course . — On December 12, an incision was made, and the 
abscess in the right hip was drained. There was a fluctuant area over the old 
scar. A considerable quantity of watery, blood-colored fluid flowed from the 
wound. A cigaret drain was inserted, and a catheter was introduced into the 
bladder, but no urine was obtained. On pressing the lower part of the abdomen, 
a mucopurulent fluid was expressed from the vagina. Rectal examination gave 
negative results, no areas of fluctuation or induration being noted (Dr. Alurra}’’ 
Danforth). On December 12, a culture of the pus from the hip showed gram- 
positive cocci. Staphylococcus aureus. No tubercle bacilli were found in the 
smears. The child had voided nothing by the urethra since operation, but on 
December 22, the dressing on the wound in the right hip was saturated with 
urine. Cystoscopy (Dr. Stone) was done with the child under gas-oxygen anes- 
thesia. A no. 18 F. cystoscope entered the bladder easily. Thick pus was 
obtained. The fundal mucous membrane was everywhere intensely red and 
swollen. No stones, ulcers, tumors, diverticula or trabeculae were seen. The 
trigone, which could not be defined as to its limits, as well as the sphincter 
partook of the generalized inflammatory reaction. The right orifice was vulva- 
like and about 1 cm. in length. It admitted a no. 5 x-ray catheter, which passed 
freely to the pelvis. The left orifice was normal and admitted a catheter to the 
pelvis. About 2 cm. directly posterior to the right orifice was a circular opening 
in the wall of the bladder which looked like the mouth of a diverticulum ; a 
catheter was passed into this up to 10 cm., giving the impression that it coiled 
up out of sight as it was fed into the orifice. 

The urine from the kidneys was slightly blood stained, and the flow was 
rapid and regular. Culture of tlie urine from both kidneys was sterile. A smear 
of the urine from the right kidney showed few white blood cells, few epithelial 
cells and a moderate number of red blood cells ; that from the left kidney showed 
few red blood cells, few white blood cells and epithelial cells. Phenolphthalein, 
injected intravenously, appeared in the urine from the right kidnej-^ in eight minutes 
and in that from the left kidney in twelve minutes. In fifteen minutes, the urine 
from the right kidney showed 2.5 per cent phenolphthalein and that from the left 
kidney 4 per cent. The stain for tuberculosis was negative; the guinea-pig test 
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was also negative. The capacity of the pelvis of tlie right kidney was not 
obtained, but into the left kidney 5 cc. of 12.5 per cent solution of potassium iodide 
was injected. 

Twenty-five cubic centimeters of potassium iodide was injected through the 
catheter, introduced into the rent in the wall of the bladder. The pelvis of the 
left kidney and the calicos were rvell outlined after injection. There were many 
dense, irregular shadows at the level of the third and fourth lumbar vertebrae, 
probably due to calcified glands. There was an opaque catheter in each ureter. 
There was also a third catheter projecting to the right of the median line with 



Fig. 1 (case 1). — Catheter in position; A, catheter in the ri^ht uret , 
the left ureter and in the perivesical tissue. 


several loops, apparently outside the wall oUhe bladder. ^injected 

in the tissues outside the ruptured area. The opaque s overlying 

through this catheter and could be seen near the pelvm bnm and also 

the wing of the right ilium (Dr. James Boyd) ( gs- an cysto- 

On Jan. 7, 1929, after the injection of sodium A the opaque 

gram of the region of the bladder and right hip s lowe anterior to the 

material extending from the bladder laterally, t en o\ lateral aspect of 

acetabulum, then downward and posterior to the emur ^ient had voided 

the thigh (Dr. Philip Batchelder) (fig- 3). Although the patient 
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nothing by the urethra from December 7 to 23, she urinated within six hours of 
the cystoscopic examination and has continued to do so. Micturition was associ- 
ated with considerable dysuria for about two weeks. The urine was loaded with 
pus cells for about three weeks. Microscopic examination of the sediment after 
centrifugation showed a few leukocytes on February 15, and only a rare leukocyte 
on April 10. The sinus at the right hip became permanently closed on January 
31. Medicinal measures alone were used, compound methylene blue (methyl- 
thionine chloride, U.S.P.) being the only urinary antiseptic presented. Convalcs- 



Fig. 2 (case 1). — After the injection of potassium iodide solution into the left 
kidney pelvis and sinus. A shows the catheter in the right ureter; B, the 
pyelogram of the pelvis of the left kidney; C, potassium iodide solution in the 
bladder; D, in the perivesical space; E, passing anterior to the anterior superior 
spine; F, around the acetabulum and head of the right femur. 


cence was complicated by an acute inflammation of the middle ear on January 23, 
which soon subsided. The temperature remained normal after February 21, and 
on April 12, the patient was discharged to the Crawford Allen Memorial Con- 
valescent Home. 
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Case 2.— History.— R. W.. a man, aged 67, was admitted to the Rhode Island 
Hospital on Nov. 25, 1891, dangerouslj^ ill, complaining of pain in the left lower 
quadrant of six days’ duration. He had had frequency and nocturia for some 
years and for one year had been troubled by “gravel” passing by the urethra. 
Since the onset of tlie present illness, he had passed only a few drops of thick, 
bloody urine. The temperature was 104 F. on admission, and the patient was 
toxic and difficult to arouse. 

E.rainiitation . — Physical c.vamination showed as noteworth}' features marked 
tenderness and spasm and some induration in the left lower quadrant. There 



Fig. 3 (case 1).— Cystogram. A shows the catheter in the 
potassium iodide solution in the bladder; in the perivesical space, , po . 
iodide solution near the acetabulum ; E, back of the great trochanter an p 
posteriorly to a subcuticular position, F. 


was a right inguinal hernia, which had been present for twelve , fajned 

v.as passed into the bladder with ease, but only a few drops o ^ 

purulent fluid was obtained. Boric solution, 550 cc., was intro uce gjg to 

catheter, but onl}'^ 30 cc. was recovered. By sound, an en eavor 
find a possible vesical calculus but none was demonstrated. ^ 

Operation and Course . — Operation was performed on opened, 

Jilitchell. A suprapubic midh'ne incision was made an t le pe 
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but no fluid was found in the abdominal cavity. The peritoneum was repaired, 
and the incision carried down over the bladder, which was opened in the midline. 
iS!o stones or urine were found, and no rupture was located. There was extensive 
extravasation of urine throughout the left side of the space of Retzius, and amid 
much necrotic and purulent matter a vesical calculus the size of a bean was 
found. The bladder was closed around a drainage tube, and a drain was placed 
in the area of extravasation. The wound was then closed in layers about the 
two drains. The patient left the operating room in a state of shock. He did not 
I ally from the operation; no urine was discharged while in the hospital, and 
he died on November 29. 

Case 1 has four points of interest: 1. It demonstrates the distance 
from which inflammatoiy lesions may burrow to reach the wall of the 
bladder and then cause enough inflammatory reaction to result in rupture. 
2. What part the trigone and sphincter played in producing the rupture 
is not clear. Obviously there was a profound disturbance of the sphinc- 
teric function if the failure to void was due to the pathologic process 
at this point. There are two possibilities. The early frequency and 
dysuria may have expressed an irritation from perivesical inflammation, 
which, as it progressed, rendei'ed the trigonal muscle incapable of 
action, and the subsequent retention precipitated the rupture, or the 
rupture may have occurred early, and the free drainage of urine through 
the rent made voiding unnecessary. 3. It is also obvious that some 
factor involved in the cystoscopic examination so altered conditions that 
the patient voided within six hours of the procedure, although for the 
ten preceding days she had passed nothing through the urethra. The 
factors involved wei'e mechanical dilatation of the neck of the bladder, 
prolonged and thorough irrigation of the bladder and sinus tract with 
boric solution and injection of 12.5 per cent potassium iodide solution 
into the site of the rupture. 4. The fourth point of interest is sponta- 
neous cure in a case of spontaneous rupture of the bladder. The second 
case reported here is interesting more as a curiosity than for its scientific 
value. It occurred before the modern era of careful stud)'^ and case 
recording, and the hospital record was far from complete. Apparently 
a vesical calculus caused sufficient inflammatory reaction in the wall of 
the bladder to penetrate it and emerge in the perivesical tissues. Two 
other possibilities present themselves. The calculus may have become 
impacted in the neck of the bladder and caused a rupture by obstruction 
and later may have fallen out of the bladder through the rent, although 
in such a case one would have expected the rent to be posteriorly at the 
vault, which would have caused an intraperitoneal rupture; or there 
may have been a rupture of the ureter proximal to the physiologic 
intramural constriction, as no rent in the bladder was discovered. But in 
such a case the greatest changes Avould have been expected at the base, 
rather than laterall}^ and anteriorly. 
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INCIDENCE 

At the Rhode Island Hospital, 1868-1929, 2 cases of spontaneous 
luptuie were found in 226,632 total medical and surgical admissions. 
Quick reported the incidence of all types of ruptures of the bladder as 
follows : Cook County Hospital, 1889-1893, 5 cases of all types in 
8,000 surgical admissions; St. Bartholomew’s Hospital, 1869-1875, 2 
traumatic cases in 16,711 admissions, and Episcopal Hospital, Phila- 
delphia, 1900-1905, 3 intraperitoneal cases in 8,367 admissions. 

PATHOLOGY 

In all cases either one of two conditions was present at the time of 
the rupture; in only a few were both present simultaneously. There 
was either chronic or temporary obstruction to the urinary outflow, 
or there was a destructive lesion of the wall of the bladder. There were 
twenty-one cases of obstruction, and only twelve of lesions of the blad- 
der, while in nine the description was not sufficient to determine the 
type (table 1). In eighteen of the cases, no abnormality of the wall 
of the bladder was discovered at the site of the rupture. In thirty of 
the cases of intraperitoneal rupture, the site is recorded. In twelve 
cases, rupture occurred at the vault in the midline or just below it, 
which is as would be expected in that developmentally this is one of the 
weak points in the musculature of the bladder, and structurally it is 
the part furthest I'emoved from the support of surrounding tissues. In 
the only case reported in which I'upture occurred near the base of the 
bladder, an old scar from a retroperitoneal hematoma was found at the 
site. Again, as would be expected, the preponderance of intraperitoneal 
ruptures resulted from an obstructive pathologic process (fifteen intro- 
peritoneal to six extraperitoneal) ; whereas the preponderance of extra- 
peritoneal ruptures occurred in the same ratio, in cases in which there 
was a pathologic process of the vesical wall. 

There were two cases of extraperitoneal rupture dependent on 
obstructive pathologic process which are interesting because of the site 
of the ruptures. One was just medial and posterior to the right uietenc 
orifice, while the other bore the same relation to the left orifice, 
two points are apparently inherently weak, despite sunounding stru 
tures, as they are the most frequent site of diverticulae, especial y o 
congenital type. 

As to the pathologic process in the wall of the bladder in tl 
cases in which such a process was found, the predominant . 

ulceration of the wall. In the cases in which the lesions vveie o s . 
in twenty-four the descriptions were clear, urethral 
nine times, dry labor five and prostatic hypertrophy three times 
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ETIOLOGY 

The precipitating cause, over and above the situation created by the 
pathologic process present, in twenty-one cases in which a description 
was given in the case reports, was invariably a sudden increase in 
intra-abdominal pressure. The specific causes are as follows; manual 
expression of the placenta five days post partum, 1 ; rupture of distended 
bladder during labor, 5 ; attempted micturition during acute retention, 6 ; 
intoxication (no history or evidence of any type of trauma), 3 ; straining 
at the stool, 3 ; sudden lifting of a weight, 3. 


MORTALITY 

The mortality in rupture of the bladder before 1900 was appalling. 
The elder Tally, in 1817, was the first person to maintain that a patient 


Table 1. — Pathology and Site 


Pathology Number 

Bladder 

No lesion found 21 

Ulcer 4 

Cancer 2 

biverticulum 1 

Tiabeeulviin 1 

Old scar 1 

Calculus 1 

Prostatic hypertrophy 3 

Urethra 

Stricture 9 

Calculus 2 

Impervious 1 

Perivesical cellulitus 2 

Retroversion of uterus 1 

Dry labor 5 

Paralysis 1 


Site Number 

Intraperitoneal type SO 

Top of vault in midline 6 

Just belov top in midline.. . . 0 

Posterior inferior fundus... . 2 

Right side near vault 1 

Left side near vault 1 

Extraperitoneal type 12 

Middle of trigone 1 

Anterior wall of fundus 1 

Eight near ureteric orifice.. . 1 

Left near ureteric orifice 1 

Site in obstructive lesion 

Extraperitoneal G 

Intraperitoneal 15 

Site in lesions of bladder wall 

Extraperitoneal 15 

Intraperitoneal 6 


might recover from such an accident. S. S. Smith recorded seventy 
cases of all types up to 1851, with a mortality of 93.5 per cent. By 
1893, A. R. Quick was able to show improvement as far as traumatic 
intraperitoneal rupture was concerned, presenting a mortality of 24.1 
per cent. Since 1900, there has been a marked diminution of fatalities. 

If only the cases of spontaneous rupture are considered (table 2), 
the ratio of improvement is much the same. Full descriptions of the 
treatment and of the end-results were available in only twenty-seven 
cases. The mortality in all cases of spontaneous rupture up to 1900 
was 78.9 per cent, while that from 1900 to the present fell to 27.2 per 
cent. The rates for intraperitoneal spontaneous ruptures are uniformly 
higher than those in which the rent opened extraperitoneal^. Among 
the former, the mortality rate was 92.3 per cent prior to 1900 and 45.4 
per cent subsequently. The latter figure is reduced to 33.3 per cent 
if the two cases are excluded in which death occurred so promptly that 
treatment could not be instituted. 
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The extraperitoneal type of spontaneous rupture seems to be the 
least fatal. Even in the period up to 1900. the mortality rate was only 
50 per cent as compared with 92.3 per cent for intraperitoneal rupture. 
In the last thirty years, there are no recorded fatalities in perivesicular 
extravasation, in sharp contrast to a mortality rate of 45.4 per cent for 
the intraperitoneal t}-pe. 

DIAGNOSIS 

The clinical pictures varied widely, depending' to a great extent on 
the basic pathologic process. Furthermore, the site of the extravasation 
alters the symptoms, contingent on its extraperitoneal or intraperitoneal 
position. 

Tari.e 2, — Mortality in Sfyontancoiis Rtiphirc’'-' 


Type 




Trcatiiiont 


Oiiml DpiuI 


1000-1029 

A ^ 

Trot tmcn t Cured Vend 


Intra- None 1 

peri- Laparotomy, rout rcpairt'il, 

tonoal no bladder drafnape i 

Laparotomy, rent ropnired, 

urethral drainage l l 

Jlodieinal T 

Bladder drained by roetal 
puncture 1 

Totals 1 12 

Mortality, 92.3% 


None 

Laparotomy, rent repaired, 

no bladder drainage 5 

Cystotomy only, rent re- 
paired, urethral drainage... 1 


Totals 6 0 

Mortality, 45.1% 


Extra- 

peri- 

toneal 

None 

Perineal section 

Perineal section, bladder 

drainage tlirougli rent 

Catheter drainage only 

05 '.stotomy, perivesical drain- 
age 

1 

1 

1 

1 

1 

1 

None 

C y s t 0 t 0 in 5 % perivesical, 
drainage rent unrepaired... 

Same, but rent repaired 

Cystotomy only 

Perineal section, drained 
through the rent 







Mortality, 50% 



Mortality, 0% 


Totals 

Mortality, 78.9% 

4 

15 

Mortality, 27.2% 


* Unless specifled to the eontrary “laparotomy” and “eystotomy imply drainage. 


0 


In the intraperitoneal type, there is a history of chronic oi moie 
frequently acute retention ivith the sudden onset of seveie lower ab oni 
nal pain during attempted micturition, defecation or other effoit 
may cause a sharp rise in intra-abdominal pressure. The history o t 
contains the statement that at the time the patient felt somethin^, t. 

The patients are often ^‘in shock” when first seen by the p v> ’ „ 
seriously ill, and present the picture of an acute abdoinina 
The intestines are distended and the abdominal wall is spastic an 
from peritoneal irritation. Not infrequently shifting dulness 

demonstrated in the flanks. ^ 

The onset of the actual rupture in the extiaperitonea ex 

is usually insidious. The patients are not seen by the present 

hospital until several days have intervened. At this tune 
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the picture of sepsis. There is tenderness and edema above the pubes, 
or it may be made out by vaginal examination in the female or rectal 
examination in the male around the base of the bladder or in the lateral 
aspects of the space of Retzius. Pedersen has called attention to a faint 
blush and tenderness about the umbilicus which may occur as early as 
the sixth hour after rupture. 

The demonstration of the presence of a rupture was well conceived 
seven centuries ago and is still in use. The patient is catheterized. If a 
little blood-stained urine or if none is obtained, rupture is suspected. A 
measured amount of sterile solution is then injected through the catheter, 
and the amount of the return flow is noted. If only a little or none 
returns, it is assumed that the bladder is ruptured. Keen presented 
the next advance in diagnosis, which consisted of the injection of air 
instead of fluids, in conjunction with the use of the x-rays. In more 
recent years, the cystoscope has been of definite diagnostic aid when 
extraperitoneal rupture is suspected. That the method is not harmful 
and may actually have some therapeutic effect, is demonstrated by the 
case reported here. When cystoscopy is contraindicated, as in extremely 
ill patients, or where intraperitoneal rupture is suspected, I should 
like to suggest the use of iodized poppy seed oil 40 per cent injected 
into the bladder, although I have not had the opportunity to use it in this 
connection. But some experience with its use in making hysterosalpingo- 
grams convinces me that the oil is not only nonirritating to the perito- 
neum, but is actually a mild antiseptic, as shown by improvement in cases 
of low grade chronic salpingitis after its use. The clearcut roentgeno- 
gram that it gives would certainly be a great aid to visualization of the 
existing conditions before operation is attempted. 

TREATMENT 

Within the last fifteen years, considerable advance has been made 
in the standardization of the operative technic for the treatment of 
rupture of the bladder. In all types, save the rare exception, the opera- 
tive procedure is an emergency measure to be carried out as soon as 
the diagnosis is established. 

The first operation for the relief of rupture of the bladder found 
recorded in the available literature was performed in a case in which 
paracentesis and insertion of an indwelling urethral catheter was done by 
Cusack in 1814. The patient died in eight days. Harrison did a para- 
centesis in 1836, and the patient died in forty-two hours. William 
Walker of Boston performed the first suprapubic cystotomy in a case 
of extraperitoneal traumatic rupture in 1845. Both the bladder and the 
space of Retzius were drained, and the patient recovered. In 1861. 
Walters of Pittsburgh operated in a similar case ten hours after the 
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accident. The space of Retzius was opened and drained. Urethral 
drainage of the bladder was established, but no attempt was made to 
sew the rent. The patient recovered. The first laparotomy with suture 
of the bladder hole was done by VViUct in 1876; Heath reported a case 
in which similar treatment was done in 1879; Bull of New York, in 
1885, and McGill of Leeds, in 1886, employed similar procedures, all 
with fatal results. 

All these operations ignored the prime requisite for success, which 
is adequate drainage of the bladder. In the intraperitoneal type, the 
abdomen should be opened and efficient abdominal drainage provided. 
The abdominal cavity should not be flushed out, simpl)'^ drained. There 
is no necessity for sewing the rent, provided the next essential step is 
taken ; this is cystotomy, with the placing of a large suprapubic bladder 
drainage tube. 

In the extraperitoneal type of rupture, the management of the bladder 
should invariably entail effective drainage, usually from above, rarely 
in basal ruptures, from below. There is less unanimity of opinion as 
to the care of perivesical cellulitis, except that free drainage must in 
some way be attained. In those cases of rupture near or in the trigone. 
Fuller advocated the perineal approach with drainage of the bladder 
through the rent and separate drains in the perivesical space. When 
the extravasations and inflammation are chiefly anterior or high in the 
lateral spaces, suprapubic cigaret drains of large caliber and suprapubic 
bladder drainage should be effective. When the position of the rupture 
or gravity has caused extensive reaction throughout or chiefly about the 
base, in addition to the inevitable suprapubic bladder drainage, the 
cigaret drains in the space of Retzius should be through and through, 
entering above, passing under the pubic arch and emerging from the 
perineum. 

The opinion is becoming general that given free drainage of t e 
bladder, the repair of the rent is unnecessary. 

In the event of the survival of the patient, these emergency measures 
are merely precursors of such steps as will relieve the basic pathologic 
process. 


SUMMARY 

1. Spontaneous extraperitoneal rupture of the bladder is the 

dangerous type of rupture. . 

2. Injection of iodized oil into the bladder is suggested as a iat,n 

niCHSiirG 

3. Under certain conditions, spontaneous cure may take place.^ ^ 

4. The two cardinal principles in the management of the emer^, 
phase of sucb cases are: («) adequate drainage of the bladder, 

(b) adequate drainage of the space of Retzius. 
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THE CAUSE OF DEATH IN ACUTE DIFFUSE 

PERITONITIS * 


BERNHARD STEINBERG, M.D. 

TOLEDO, OHIO 

Of the several current conceptions regarding the cause of death in 
acute diffuse peritonitis, that of toxemia is the most commonly accepted. 
Until 1926,^ no experimental evidence was offered to substantiate such 
a conception. Ecker and I ^ were able to produce the death of rabbits 
following the intraperitoneal injection of broth cultures of B. coli. The 
rabbits that received colon bacillus antiserum intravenously, in addition 
to the broth culture of colon bacillus intraperitoneally, survived. How- 
ever, it was later demonstrated ^ that introduction of broth cultures of 
colon bacillus into the peritoneal cavity of rabbits and dogs may result 
in the death of the animals, but not necessarily in peritonitis. Since the 
inflammatory peritoneal lesion was either absent or doubtful and the 
value of the colon bacillus antiserum is still questioned, the experiments 
of Ecker and myself are merely suggestive but are by no means con- 
clusive of a bacterial toxin being responsible for death in peritonitis. 
The second experimental evidence was offered by Williams,^ who admin- 
istered B. welchii antitoxin to patients with clinical evidences of a 
severe peritonitis. Williams obtained a large percentage of survivals 
in patients thus treated. He found a proliferation of B. welchii in the 
small intestine of patients with a low intestinal obstruction and a similar 
picture in the small bowel of dogs with an experimentally obstructed 
bowel. Williams hypothecated that death in intestinal obstruction and 
peritonitis was at least partly due to the absorption of B. zvelchii toxin 
from the stagnant small bowel. Again, the experiments are suggestive 

* Submitted for publication, Dec. 1, 1930. 

*From the Laboratories and Department for Medical Research, Toledo 
Hospital. 

* This work is a part of a general investigation on “Recovery in Peritonitis” 
made possible by a grant by the Committee on Scientific Research of the American 
Medical Association. 
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but are incouc]usi^•e. 1 he patients miglit have recovered without treat- 
ment with B. ivclchii antitoxin. Furthermore. Williams’ patients had 
peritonitis secondary to intestinal obstruction, and consequently, other 
factors may be present that are not found in primary peritonitis. 

The nature of the toxic action is a matter of much speculation. The 
theory that a bacterial to.xic substance paral3'zes the medullary vascular 
centers has received an additional stimulus b\' the work of Manenkow.® 
This investigator injected cultures of staphylococcus into the serosa of 
the stomach of rabbits with a resulting diffuse peritonitis and death of 
the animals. Similar amounts of a culture of staphylococcus introduced 
into the serosa of the colon resulted iu a localized peritonitis and sur- 
vival or prolongation of the life of the animals. Manenkow assumed 
that since the stomach has a direct nerve-lymphatic connection, death 
was due to the ])assage of the toxin along the lymphatics of the nerve 
with the subsequent action on the medullary centers. Kirschner 
pointed out that the fall in blood pressure in peritonitis occurs only a 
short time before death, and hence he doubts that the medulIar)’^ vascular 
centers are aft'ected by the toxins. Among other theories for which 
there is little or no evidence there is one which assumes that the toxin 
acts on the capillaries of the peritoneal cavit\' with injury and stagnation 
of the portal circulation.'’ The conception that the intestinal paralysis is 
a deciding factor in the fatal outcome in diffuse peritonitis is receiving 
some consideration at present. Askanazy ' expressed the belief that the 
intestinal lymphatics dilate, press on the ganglion cells with a consequent 
paralysis of the intestines. Lennander ® agreed to the existence of 
intestinal paralysis and added that the passage of toxins and bacteria 
through the paralyzed bowel is responsible for death. As a result of 
a study of the chemical changes of the blood in intestinal obstruction 
and peritonitis. Orr and Haden " stated that there has not been sufficient 
evidence to justify the belief that intestinal obstruction is alone t e 
cause of death in peritonitis. 

5. Manenkow, P. : Experimentelle Befunde znr Frage des Mechanismus ein 

direkten Affektion der Oblongata bie diffuser Peritonitis, Ztschr. f. d. ges. exp 
Med. 64:239, 1929. ■ 

6. Kirschner : Die Behandlung der eitrigen, freien Bauchfellentzuen mg, 
50 Tag. d. deutsch. ges. f. Chir. Berlin, 1926; quoted in the Interna . 

Surg. 44:276 (April) 1927. ... 

7. Askanazy, quoted b}' Heineke, H. : Experimentelle 

die Todesursache bei Perforationsperitonitis, Deutsches Arch. . ' m. i 

8. Lennander, quoted in Kaufmann: Lehrbuch der 

trails, hy Reimahn, Philadelphia, P. Blakiston’s Son & Company, 

9. Orr, T. G., and Haden, R. L. : Enterostomy in the Treatment of Gene 
Peritonitis, Arch. Surg. 18:2159 (Maj^) 1929. 
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It is necessary to differentiate between two conceptions regarding the 
origin of the toxin that is assumed to produce death. One group of 
workers believed that the toxic action is due to the toxins elaborated 
in the peritoneal cavity b}'’ the bacteria that had produced the peritoneal 
inflaminatoiy lesion. The other group is of the opinion that the fatal 
outcome is due to the toxins elaborated by bacteria within the bowel. 
With intestinal paratysis and stagnation, the toxins are absorbed or 
pass through the intestinal wall and into the circulation. However, no 
experimental evidence or sufficient clinical data has been brought forth 
to demonstrate that there- is invariably an intestinal paralysis associated 
with a fatal outcome in diffuse peritonitis. 

EXPERIMENTAL WORK 

The following experiments were undertaken; (1) to ascertain the 
role of bacterial toxins in the outcome of diffuse peritonitis; (2) to 
determine the type of toxin (from the bacteria within the bowel or 
from bacteria within the peritoneal cavity) responsible for death; (3) 
to learn the effect of the toxins on the cellular reaction of the peripheral 
blood and that evoked in the peritoneal cavity. In order to accomplish 
these purposes, it was necessary to choose a micro-organism that is not 
found in the intestinal contents, that is a definite toxin producer and 
possesses a recognized antitoxin, and that is capable of producing invari- 
ably a fatal diffuse peritonitis in a laboratory animal. The .diphtheria 
bacillus answered all these requirements. 

In order to determine the effect of diphtheria toxin on dogs, ten 
of these animals were given injections of varying amounts of toxin 
(from 0.5 to 2 cc.) intravenously, subcutaneously or intraperitoneally. 
The animals died in from eighteen to forty-eight hours after the injec- 
tion of the toxin. 

Production of experimental fatal peritonitis by known and controlled 
agents had met with difficulties 'in the hands of many investigators. The 
methods employed usually accomplished only a part of the required 
purpose. On the introduction of the agent, the animal died but had no 
peritoneal inflammation, or if a peritonitis was produced, the animal 
survived. Other methods that induced both the local peritoneal lesion 
and death produced these results only in a small and varying percentage 
of the experimental animals, and the methods .employed contained 
unknown and uncontrollable agents. A procedure that fails to secure 
(in 10 per cent of animals) a definite peritonitis resulting in death lacks 

10. Steinberg and Ecker (footnote 1, first reference). Manenkorv (footnote 5). 
Kirschner (footnote 6). 

11. Williams (footnote 1, second reference). Askanazy (footnote 8). 

12. The diphtheria toxin was obtained from the laboratories of the New York- 
State Department of Health through Miss Mary- E. Kirkbride. 
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the essential requirements of a properly controlled experiment. A sug- 
gestion of a method that invariably results in a fatal peritonitis was 
made by Benians.^^ He injected intraperitoneally into rabbits colon 
bacilli suspended in gum tragacanth. This procedure was later adopted 
for dogs and repeatedly confirmed. 

The principle of the method of Benians was adopted in these experi- 
ments. The saline ^vashings of three blood agar slants of a twenty- 
four hour culture of diphtheria bacilli were suspended in a 2.5 per cent 
saline suspension of gum tragacanth and injected by means of needle 
and S3n‘inge through the abdominal wall into the peritoneal cavity of 
dogs.^° At the onset of the experiments, thirteen animals and later nine 
additional clogs, w^ere given injections of this material. The twenty- 
two animals died in from eighteen to forty-eight hours of a severe 
fibrinopurulent hemorrhagic peritonitis. 



Chart 1. — Blood counts and peritoneal counts in a normal dog given injections 
intraperitoneally with three slants of diphtheria bacilli in gum tragacanth. 
animal died. In this and the following charts the dotted line indicates the oo 
counts and the unbroken line the peritoneal counts. 


It was assumed that if death of the twenty-two animals was due to 
the toxin liberated by the diphtheria bacilli, diphtheria antit(^iu in 
sufficient amounts would neutralize the toxin and avoid death. o tes 
this assumption, each of fifteen dogs were given injections intraperi 


13. Benians, T. H. C. : Further Experiments with Fixation Areas, 
on Pathogenicity of Bacillus Coli in Peritoneal Infections, Brit. J. xper. 

5:123' (June) 1924. _ . • ■ tt of 

14. Steinberg, B., and Goldblatt, H. : Studies on Peritonitis. • ^'’ 39 ; 

Bacteria from the Peritoneal Cavity into Lymph and Bloo , rc . n . T„,niuni- 
449 (March) 1927. Goldblatt, H., and Steinberg, B.; g28 Stein- 

zation Against Experimental B.’ Coli Peritonitis, ibid. «:42 (Jan.) 1928. 

berg (footnote 3). , , • • :„fr, a dosr weighing 

15. It was found that a suspension of one slant mjecte 

10 Kg. invariably resulted in a fatal peritonitis. 
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toneally of the saline washings of three slants of a twenty-four hour, 
culture of diphtheria bacilli suspended in 2.5 per cent gum tragacanth, 
and at the same time diphtheria antitoxin was administered by the routes 
indicated in table 1. (These fifteen dogs received the intraperitoneal 
injection at the same time ^s the first set of the thirteen control dogs.) 
All of the fifteen dogs that were given diphtheria antitoxin survived. 
The animals were slightly ill during the first eighteen hours but after 
that they were apparently well. ^ 

, It was demonstrated previously^® that when bacteria (colon bacilli) 
are suspended in gum tragacanth and injected into the peritoneal cavity 
of dogs, the bacteria remain almost entirely in the peritoneal cavity. 
There is no passage of the micro-organisms into the circulation, and 
hence whatever struggle occurs between the defenses of the body and the 
invading bacteria takes place in the peritoneal cavity. Snyder and 


Table 1. — Effect of Diphtheria Antitoxin on Dogs in Which Peritonitis Has Been 

Produced by Diphtheria Bacilli 


No. ol 

Type of Material Injected 

Units of 
Diphtheria 
Antitoxin 

Route of 
Administration 


Dogs 

Intraperitoneally 

Given 

of Antitoxin 

Outcome 

13 

9 

Three slants of diphtheria haciili 
in 40 cc. of a 2 . 5 % suspension 
of gum tragacanth 

None 

>► 

Died in from 18 to 48 
hours with a marked 
hemorrhagic peritonitis 

11 

Three slants of diphtheria bacilli 
in 40 cc. of a 2.5% suspension 
of gum tragacanth 

20,000 

Intravenously 

Survived 

2 

Three slants of diphtheria haciili 
in 40 cc. of a 2.5% suspension 
of gum tragacanth 

20,000 

Intramuscularly 

Survived 

1 

Three slants of diphtheria bacilli 
in 40 cc. of a 2.5% suspension 
of gum tragacanth 

20,000 

Intraperitoneally 

Survived 

1 

Three slants of diphtheria bacilii 
in 40 cc. of a 2.5% suspension 
of gum tragacanth 

20,000 

Subcutaneously 

Survived 


I took advantage of this observation to study the cellular reactions 
within the peritoneal cavity during the course of peritonitis. From 
these studies, it was determined that potymorphonuclears constitute the 
first line of cellular defense and that bacterial phagoctyosis by the 
polymorphonuclears represents the primary and the conspicuous cellular 
protective reaction on the part of the body. 

In order to ascertain the role played by the polymorphonuclears and 
phagocytosis in the animals passively immunized with diphtheria anti- 
toxin, a stud}" more or less similar to that by Snyder and myself was 
made in these experiments. Total and dift'erential white cell counts of 

16. Steinberg and Goldblatt (footnote 14, first reference). 

17. Steinberg, B., and Snyder, D. A.: Immune Cellular Beactions in Experi- 
mental Peritonitis, Arcb. Patb. 8:419 (Sept.) 1929. 
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the peritoneal and peripheral blood were made at short intervals. 
Peritoneal counts were done by introducing glass capillary pipets 
through the abdominal wall under sterile conditions and withdrawing 
the peritoneal fluid. At frequent intervals bacterial counts were made on 
the peritoneal exudate. The peritoneal, the peripheral cell and the 
bacterial counts were performed on a normal dog that received by 
intraperitoneal injection three slants of diphtheria bacilli in 2.5 per 
cent gum tragacanth to serve as a control for the observations in the 
passively immunized animal. 

In both animals (the control and the passively immunized dog) 
there was an initial drop of the peripheral white cell count and an 



appearance of a small number of cells in the pei ' white 

Snyder and I are of the opinion that this initial drop of the tot ^ 

cells of the Mood represents a migration to *= mAammatoo' W o. ^ 

constitutes the first line of cellular defense. ^ lere is a 

of the total white cells in the peritoneal cavity o is 

peak of the peritoneal counts m the passive y immuniz 

reached at the end of the seventh hour, while , i'll count is 

appears at the end of the fourteenth hour and 

less than half that of the immune dog (tables 2 an , I 

Comparative studies of the peritoneal smears of the contro 
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immune dogs (tables 2 and 3) reveal the presence of free bacteria in 
the exudate of the control dog as late as the eleventh hour (in other 
control animals, free bacteria were found up to and including the last 
hour) after the onset of peritonitis, while in the passively immunized 
dog no free bacteria were seen at the end of the third hour. It was 

Table 2. — Blood and Peritoneal Counts in a Normal Dog zvitlt Peritonitis Pro- 
duced by Diphtheria Bacillus 




Differential 
Blood Count 
per Cent 
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per Cent 
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4,900 

77 

16 
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5 
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74 

22 
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8,6.50 

97 
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2 

0 

5,550 

92 
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4 


8,800 

98 

2 

*• 

7 

6,350 

90 

5 

0 


22,850 

100 
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8,000 

87 

11 

2 

•• 

21,900 

9S 

1 

1 

9 

10,300 

93 
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1 


24,400 

99 


1 

11 

7,700 

87 

11 

2 


25,200 

98 


2 

12 

11,350 

87 

12 

1 


29,800 

100 



13 

14,000 

84 

16 

•• 

•• 

2.3,150 

97 

•• 

3 

14 

14,550 

91 

5 
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32,100 
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14,900 
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14,950 
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15,0.50 
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Comment' on Peritoneal 
Exurlate 


Many free bacteria; few poly- 
morphonuclears have many 
bacteria; many red blood 
cells 

Same as preceding hour 

15. 200. 000 bacteria per cc.; 
few free bacteria, most of 
them phagocytosed 

Same as preceding hour 

9.600.000 bacteria per cc.; 
otherwise same as preceding 
hour 

5,440.600 bacteria *pcr cc.; 
occasional free bacterium; 
many polymorphonuclear.' 
with phagocytosed bacteria 

No free bacteria; 1 of 30 poly- 
morphonuclears has phago- 
cytosed bacteria; many de- 
generated polymorpbonu- 
clears 

Same as preceding hour 

3.424.000 bacteria per cc.; 
bacteria are free and 
clumped 

Same as preceding hour 

1.840.000 bacteria per cc.; 
otherwise same as preceding 
hour 

Man.v polymorphonuclears 
with phagocytosed bacteria 

Same as preceding hour 

No bacteria on culture, fen 
polymorphonuclears with 
pliagocytosed bacteria; dog 
died on thirtieth hour 


apparent that in addition to the neutralization of the toxin by the anti- 
toxin there were differences in the rapidity of phagocytosis and the 
number of polymorphonuclears evoked in the two dogs. The passively 
immunized dog was capable of a more rapid phagocytosis of the invad- 
ing bacteria and was also able to muster a large and sufficient number 
of polymorphonuclears to cope with the micro-organisms. A com- 
parison of charts 2 and 3 of an actively and passive!}- immunized animal 
shows a close similarity in the reaction. As an illustration of a cellular 
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response in presence of active immunity, peritonitis was produced by 
B. coli in a dog immunized with B. coli (Goldblatt and Steinberg”). 
The differences between the two animals consisted in the earlier appear* 
ance^ (fourth hour) of large numbers of polymorphonuclears and the 
considerably greater total number of these phagocytes in the actively 
than in the passivel}'^ immunized dog. The rapidity of phagoc 3 dosis 
was alike in both animals. Comparing charts 2 and 3 of the two differ- 
ently immunized dogs with that of a nonimmune animal (table 2), 



Chart 3. — Blood counts and peritoneal counts in a dog immunize wit ^ 
and given injections intraperitoneally of two slants of colon aci us m & 
tragacanth. The animal survived. 

the differences of the time of appearance and the number of poty 
morphonuclears are quite apparent. The differences are si 
striking in the smears of the peritoneal exudate. From t e on 
peritonitis to the death of the nonimmune animal, the s i es 
with viable and free bacteria; all the polymorphonuc ears are 


18. Goldblatt and Steinberg (footnote H second reference). 
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capacity with bacteria, but there are not enough of these phagocytes to 
take care of all the micro-organisms. On the other hand, in the slides 
of the immunized animals there are very few free bacteria at the end 
of the second hour and none at all at the end of the third hour. 

Table 3. — Effect of Diphtheria Antitoxin on Blood and Peritoneal Counts of 
Normal Dog in Which Peritonitis Has Been Produced 
with Diphtheria Bacilli 


Differential 
Blood Count, 
per Cent 
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Comments on Peritoneal 
Exudate 

i66 



Bacteria arc free and in 




clumps; polymorphonuclears 
fllled with bacteria 

93 

2 


No free bacteria; many 
phagocytosed bacteria; 
many new polymorplionii- 
clears 

Many broken down poly- 

93 


2 




morphonuclears 

100 



Same as preceding hour; 




3,952,000 bacteria per cc. 

100 



Pew polymorphonuclears uith 




bacteria; none free 

100 



Same as preceding ‘hour; 




4,000,000 bacteria 

93 


2 

Degenerated polymorphonu- 




clears with bacteria 

100 



Same as preceding hour 

99 

i 


Same ns preceding hour 

97 

3 


No bacteria in polymorpho- 




nuclcats 

90 

2 

2 

Occasional polymorphonu- 




clears with phagocytosed 
bacteria; 1,152,000 bacteria 




per cc. 

93 

2 

, , 

Many broken down poly- 




morphonuclears 

97 

3 


Same as preceding hour 

95 

2 

's 

No free or phagocytosed 




bacteria 

95 

5 


Same as preceding hour 

94 

4 

2 

An occasional polymorpho- 




nuclear with a phagocytosed 
bacterium 

97 


3 

Same as preceding liour; 




no bacterial grouth on 
culture 

90 


10 

No bacterial growth on 




culture 

91 

9 


Same as preceding hour; 




dog survived 


Since the survival of the animal with acute diffuse peritonitis is 
coincident with a rapid phagoc3tosis and the capacity to evoke a suf- 
ficiently large number of pol3’morplionuclears to cope with the invading 
bacteria, and the experiments reported here demonstrate that a bacterial 
toxin pla3"s a deciding part in the death of the animal, it is assumed that 
in the presence of a sufficient number of pol 3 -morphonuclears and a rapid 
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Chart 4.— Blood counts and peritoneal counts in a dog trayi 
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phagocytosis the elaboration of the toxin by the bacteria within the 
peritoneal cavity is prevented. 

The peritoneal and peripheral leukoc^^tosis in the passively immu- 
nized animal suggested that the bacterial toxin may inhibit the pro- 
duction or mobilization of pol 3 miorphonuclears. Consequently, the 
administration of the antitoxin neutralized the toxin and removed the 
cellular inhibitory factor. A dog was immunized with B. coli accord- 
ing to the method of Goldblatt and myself.*® the animal was later given 
intraperitoneal injections with two slants of B. coli in 40 cc. of a 2.5 per 
cent suspension of gum tragacanth, and at the same time 2 cc. of 
diphtheria toxin was administered intravenously. Control dogs that 


Table 4. — Results in a Dog hnniuniccd iviih B. Coli and Given Two Slants of 
Colon Bacilli in Gum Tragacanth Intrafcritoncally and 2 cc. of Diphtheria 

To.rin Intra7>cnoiisly 


Hours .After 
Onset of 
Peritonitis 

Blood 

Counts 

Peritonal 

Counts 

Prior to onset 

1 

44,450 

20,050 

4,700 

2 

25,530 

Ji4,750 

4 

36,700 

247,200 

5 

43,850 

125„500 

c 

70,000 

250,000 

7 

07,600 

146,000 

8 

08,800 

227,750 

10 

40,000 

281,000 


Comments on Pcritoncnl E-xinlnte 

.An oeeasionnl tree bacterium; many phago- 
cytosed bacteria; all cells are polymorpho- 
nuclears 

Many free and phagocytosed bacteria; all 
cells arc polymorphonuclears 
Many free and phagocytosed bacteria; all 
cells are polymorphonuclears 
Fca free bacteria; many phagocytosed bac- 
teria; all cells are polymorphonuclears 
Feu free bacteria; many phagocytosed bac- 
teria; all cells are polymorphonuclears 
.4 moderate number of free bacteria; all cells 
arc polymorphonuclears 
Feu free bacteria; many phagocytosed bac- 
teria; many broken down polymorphonu- 
clears; all cells are polymorphonuclears 
Feu free bacteria; many phagocytosed bac- 
teria; many broken down polymorphonu- 
clears; all cells are polymorphonuclears 


* The animal died ten and one half hours after the injection. 


were similarly immunized with B. coli and in which a similar peritonitis 
was produced with colon bacillus, survived. If a bacterial toxin 
(diphtheria toxin) inhibits polymorphonuclear formation or mobiliza- 
tion, these phagocytes which ordinarily appear in large numbers in 
immunized animals will either be diminished in number or totally sup- 
pressed. The results of this experiment revealed that diphtheria toxin 
neither diminished nor inhibited the polymorphonuclear response to an 
acute diffuse infection of the peritoneum (chart 4). The cellular 
response was as rapid and as great as in the immune animal without 
diphtheria toxin (chart 3). However, studies of the peritoneal exudate 
revealed the presence of free and viable (by culture) bacteria from the 
first to the tenth hour after the onset of peritonitis in the animal given 
the diphtheria toxin (table 4). On the other hand, many of the bacteria 
were phagoevtosed. This observation may be suggestive of some 
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inhibitory or deleterious affect on the polymorphonuclear by the bacterial 
toxin with a consequent slight to moderate interference with the phago- 
cytic property of the polymorphonuclears. 

CONCLUSIONS 

In acute diffuse peritonitis, under the conditions of these experi- 
ments, death is due to the toxin jiroduced by the bacteria present in the 
peritoneal cavity. Intestinal paral 3 'sis, intestinal stasis and intestinal 
bacteria, under these conditions, jilay no part in the death of the animal. 

Administration of the corresponding antitoxin averts death in acute 
diffuse peritonitis. 

In the absence of an antitoxin that is capable of neutralizing the 
toxin, two factors are responsible for the survival of the animal with 
peritonitis: (1) rapid phagocytosis and (2) a sufficiently large number 
of polymorphonuclears to cope with the invading bacteria. It is 
assumed that in the presence of these two factors, the formation of toxin 
by bacteria is prevented and the death of the animal is averted. 

The bacterial toxin has no inhibitory effect on the number or on the 
rapidity of appearance of the polymorphonuclears. However, the 
toxin interferes with complete phagocytosis of the bacteria by the 
polymorphonuclears. 
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KIDNEY 

Anomalies . — Braasch ^ observed a number of cases in which the 
renal pelvis had an anomalous position and form and in some cases 
was the only clinical evidence of abnormality. When renal anomaly is 
characterized only by anomalous rotation, the degree of rotation may 
vary, and may be described by the terms rotation absent, incomplete, 
reverse and excessive. It does not always involve the entire kidney, 
but may be confined to one pole and may affect onE a segment of the 
pelvis and the adjacent calices. Although the pelvis may be in the 
normal position, it is more often observed with either lateral or mesial 
displacement or with slight ptosis. It is usually situated on a level 
with the second lumbar vertebra. It may be slightly lower and is then 
distinguished from ectopic kidney by the fact that its blood vessels take 
origin at the usual level of the renal artery and vein. It nmy occur 
as the result of either congenital or acquired factors; if of congenital 
etiology, it is referred to as anomalous rotation; if secondary to acquired 
factors, it is designated as renal torsion. 

In fused kidneys, evidence of abnormal rotation is always found, 
at least in one pelvis, and usually in both. Recognition of fused kidney 
is made possible largely by demonstration, in the pyelogram. of failure 
of pelvic rotation. As a result of inaliility of the fuse.d kidney to 
rotate, the renal pelves remain situated on the anterior aspect of the 
kidney. The calices usually extend anteriorly, mesially or laterally, 
and often are clubbed terminally. The ureteropelvic juncture may be 

1. Braasch, W. F. : .Anomalous Rena! Rotation and .Associated .AnoTr.alie.s, 
J. Urol. 25:9 (Jan.) 19.M. 
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situated either on the anterior aspect of the pelvis or on its lateral 
or mesial border. 

Failure of the embryonic kidney to make its normal ascent results 
in congenital renal dystopia or ectopic kidney. The kidney usually is 
abnormal in structure, and. as a result of failure of rotation, the pelvis 
is situated anteriorly and is bizarre in outline. The renal blood vessels 
are usually abnormal in number and arrangement and often influence 
the anomalous shape and position of the kidney and its pelvis. 

The clinical diagnosis of anomalous rotation is possible only by 
means of pyelograph}-. Evidence of renal rotation may be observed 
with clinical conditions in which it may be difficult to determine whether 
the rotation was primary or secondary. 

Abnormal rotation of the kidney observed as the result of other 
than congenital factors is known as renal torsion. It ma)-^ result from 
displacement from either extrarenal or intrarenal pathologic conditions, 
renal ptosis, postoperative deformity and injury. As a result of torsion, 
the kidney may be displaced in an}’ direction and its axis changed to 
various angles. The pyelogram usually will reveal pelvic rotation, 
varying from a slight difference in the axis of one or more calices 
to complete reversion of the pelvic arrangement. As a result of marked 
renal ptosis, or from displacement by extrarenal tumor, the renal pelvis 
may assume a position and contour suggestive of ectopic kidney. 

In pyelographic examination occasionally a renal pelvis is observed 
the shape of which is suggestive of congenital deformity ; this is termed 
an embryonic pelvis. Its outline is characterized by an elongated pelvis, 
from which a series of abbreviated calices extend laterally, anteriorly 
or mesiall)^ at comparatively regular intervals. It may be associated 
with a variable degree of abnormal rotation. Although the kidney is 
sometimes in a normal position, there may be a variable degree of 
dystopia, and there is usually some evidence of incomplete rotation. 
Surgical exploration may reveal that the kidney is abnormal in shape 
and size ; it may be comparatively elongated, and often there is marked 
evidence of fetal lobulation. 

It is known that an anomalous kidney is more often affected b} 
lesions than a normal kidney. Hydronephrosis and stone are the lesions 
most commonly found and may be the direct results of anomaly. Symp 
toms suggestive of nephralgia frequently are associated with an anoma 
lous renal position. 

Lazarus^ stated that one of the most common anomalies of t ^ 
genito-urinary system is that of supernumerary or double ureter. ^ 

2. Lazarus, J. A.; Hemineplirectonij’ for Calculus Pyonephrosis ^ 
of Bilateral Duplication of Ureters and Pelves, J. Urol. 24:503 fNov.) 1 
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pelves associated with complete reduplication of the ureter are usually of 
unequal size and configuration. The upper pelvis is the smaller and 
possesses fewer calices. Although the capacity of the pelves is unequal, 
the segments usually have equal functional activity. The ureters as 
they leave the pelves lie close together and are usually connected by 
strands of connective tissue. They terminate in the lateral trigonal 
angle in such a way that one ureteral orifice lies just above the other, 
d'he upper one corre.s])onds to the lower pelvis and the lower one to 
the upper pelvis. The upjjer pelvis is usually the smaller of the two. 

Lazarus rejjorted a ca.se of bilateral duplication of the ureters in 
which heminephrectomy was ijerformed. At operation the kidney was 
elongated and consisted of two portions separated by a shallow groove 
running across the anterior surface of the renal mass. The upper 
portion, which comprised about two thirds of the entire mass, appeared 
normal and contained a small intrarenal pelvis with a diminutive ureter; 
the lower third was represented by a pyonephrotic sac containing small 
calculi with a dilated pelvis and ureter. The blood supply of the lower 
pole ajJiJeared to arise as branches of the main renal pedicle which 
j)assed to the upper hilus. These branches coursed downward over 
the anterior surface of the pelvis to enter the hilus of the sac anterior 
to the pelvis. After the kidney had been completely mobilized, the 
ureters were isolated and freed from their adhesions of connective 
ti.s.sue, and the blood supply of the lower renal portion was clearly 
defined. The vessels were doubly ligated and divided. The dilated 
ureter was then divided. The lower pyonephrotic portion of the kidney 
was amputated just above the groove, a good wedge of the healthy 
kidney being taken with it. Bleeding was brisk, but was easily con- 
trolled with clamps and ligatures. Two large strips of muscular tissue 
were laid across the cut end of the kidney and six mattress sutures 
were used to close the rent, the tissue being incorporated within them. 
Following decapsulation, a fla]? of perirenal fat was loosely stitched 
over the sutured pole of the kidney, and a rubber tube and dam were 
placed below this for drainage. The wound was closed about the 
drains in layers. 

The postoperative course was uneventful. At no time was there 
any urinary leakage. The patient left the hospital on the twenty-third 
postoperative day with the wound .solidly healed. 

[Compilers' Note. — On first thought, resection of the diseased 
segment of a double kidney seems to be a formidable procedure. When 
conditions are favoFable, however, it offers no great technical difficulties 
and is followed by favorable results. Heminephrectomy should not be 
attempted unless the pathologic condition is confined entirely to one 
segment and clinical evidence shows definitely that the remaining seg- 
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ment is normal and functioning. Kven under such favorable circum- 
stances infection may invade the remaining segment, necessitating a 
secondary operation. With proper suturing, the postoperative hemor- 
rhage should he negligible. If infection remains in the tissues, however, 
a sinus may persist indefinitely and reo])en at intervals. The healing- 
process resulting after heminephrectomy was clearly shown in a case 
reported by Braasch and Scholl in which the remaining segment of 
a double kidney was subsequently removed. The resected surface, 
although pitted in some areas, was smooth, and had assumed the normal 
rounded contour of one of the renal poles. The pathologic process 
had involved only the tissues immediately adjacent to the line of incision. 
There was moderate lymphocytic infiltration in some areas, possibly 
caused by absorbed suture materials. The glomeruli were somewhat 
clumped and the destruction of interglomernlar tissue was greater 
than that of glomeruli. There was only slight fibrosis and hyalinization 
of the glomeruli, and many immediately adjacent to the line of incision 
were apparently normal. Factors rendering the operation easier and 
favorably influencing the results are: (1) the considerable distance 
separating the two pelves ; (2) a definite division of the two segments 
by a cicatricial band, and definite confinement of the disease to one 
segment, and (3) the chronic and cicatricial nature of the pathologic 
lesion.] 

Bumpus cited the case of a young woman whose pyelogram, made 
at the Mayo Clinic in August. 1928, showed evidence of two pelves, 
one anterior to the other, due to longitudinal instead of transverse 
division. A pyelogram of the opposite kidney was obtained three days 
later and indicated that this kidney Avas normal. The divided functional 
test showed a 10 per cent return of the dye from each kidney in fifteen 
minutes. 

In Young’s experience the pelves of a double kidney are always 
situated one above the other, the dh'ision being transverse, but in the 
report of a case of duplication of the renal pehds Potter and Sexton 
stated that the diAusion may be longitudinal through the kidney Aviti 
one pelvis anterior and one posterior. 

Lafitte * obserA'ed a case of congenita] pehde kidney during pre^ 
nancy. He mentioned that these anomalies are not common, althoUj, 
Girard in 1911 reported 102 cases. They are the most common anoma- 
lies of position of the kidney. Congenital pelvic kidney may be situat 
more or less high, sometimes at the entrance of the small pelvis or 


3. Bumpus, H. C, Jr. : Unusual Duplication of Renal Pelvis, J. Urol. 
(Jan.) 1931. 

4. Lafitte : Ectopie pelvienne congenitale clu rein 
grossesse,^ Bull, et mem. Soc. nat. de chir. 56:910 (July 12) 
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entirely in the pelvis itself, being found in the concavity of the sacrum, 
or it may lie on the pelvic floor. 'When the kidney lies at the level 
of the entrance of the pelvis, the organ may constitute a decided 
obstacle to the ascension of the pregnant uterus and to the normal 
mechanism of delivery; it may narrow the pelvis more than 3 cm. 
Such a kidney is usually fixed ; it is only partially mobile, which is 
indicated by possible torsion on its axis. The possibility of fixing it 
higher has been considered hut rejected ; it cannot be transported either 
to the lumbar region or to another situation in the pelvis where its 
presence would not he such a marked obstacle to normal pregnancy. 
The value of the corresponding kidney should he estimated. Nephrec- 
tomy may he indicated in a few cases. If the kidney is healthy and 
the pregnancy has advanced two months, Lafitte advised waiting until 
full term before intervention. In some cases, operation ma)^ be carried 
out just before childbirth. Girard reported a series of cases of preg- 
nane}’ and ectopic kidney. Four patients were operated on during 
pregnancy and 9 during labor; abortion occurred in 13 cases. I: 
ectopy was not complete, delivery was spontaneous hut painfi:! an ! 
prolonged. 

[Compilers’ Note. — EctojMc kidneys in general are prone :c rh-e 
development of pathologic states. They may produce dystoda r-Vr: 
they lie at or below the pelvic rim. If the uterus has been able :: rist 
above the pelvis into the abdomen and interference with the crscj^nn 
of the fetus at term takes place, the rare indication for cesarean senf'c 
may arise, particularly if the ectopic kidney is known to be funnfrnnn- 
normally. As Girard, quoted by Lafitte, pointed out, abortion -r-T 
the most common outcome.] 

Tumors . — Busser concluded from a study of 94 cases of — — 
epitheliomas of the kidney that it is impossible to judge ths '.-r -''. 

structure of carcinoma of the kidney by its gross appear^CL ” 

a macroscopic point of view, carcinomas of the kidney pros-t-r t 

as follows: a partial nodular form with preservation of s-'r:;. 

renal tissue; a massive nodular form; rarely, an infiltrate- " --r 

a cystic form, which is always localized at the lower pole. ff-~ ' - . 

tumors are divided into two groups, epitheliomas of mn-' _ -.-f- 

undifferentiated epitheliomas. The renal type is tubiiLr-r-- -I... - 

the undififerentiated type is alveolar and trabecular. Bccv _,f 

types are found many different transitory types sho-.Tfn- - _ ... 

of the first type into the second one. Busser expre.;^'-:. ..r.-l- J 

S. Busser, F. : Btude anatomique cles epitheliomes 

I’aclulte ; a propos de 94 ebservations, Bull, de I’assoc. fra,-:- fT 

18:198 (March) 1930. ' 
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the theory of the hypernephroma is a' fallacious one; all epitheliomas 
of the kidney are of renal origin. 

[Compilers' Note. — Busser’s grouping is somewhat similar to that 
of Ewing, who divided tumors of the kidney into two main groups, 
papillary adenocarcinomas and alveolar carcinomas. In a series of cases 
reported from the Mayo Clinic in which nephrectomy wa.s performed for 
tumor, the major portion belonged to the first group of papillary adeno- 
carcinomas. These tumors, usually considered as the hypernephroma 
group, are the most common of renal tumors. As a rule they are only 
moderately malignant, not infrequently existing for years without caus- 
ing symptoms. They generally become large, bulky and hemorrhagic, 
and cause marked distortion of the renal contour. They occurred in 152 
(82.5 per cent) of 184 cases. Thirteen (8.5 per cent) of the patients 
died following operation, 23 were not traced after operation and 57 
(53.8 per cent) of the remaining 106 were living and well on an average 
of six years after operation. 

The second group, or alveolar carcinomas, form only a small propor- 
tion of renal tumors. They are homogeneous and whitish, and at times 
diffusely infiltrate the renal tissues. They are highly malignant, early 
invading the pelvis and breaking through the renal capsule. Hemor- 
rhage and the formation of cysts are rare. Histologically these tumors 
tend to reproduce the tubules of the adult kidney, resembling the renal 
parenchyma. The structure varies from that of well formed alveoli 
to areas in which there is little dififerentiation, the cells being matted 
together with only a small amount of intervening stroma. There were 
32 cases of alveolar carcinoma in the series. Five (15.6 per cent) of 
the patients died following operation; 4 patients were not traced, and 
only 3 (13.4 per cent) of the remaining 23 were still alive. These three 
patients were living on an average of ten years after nephrectomy.] 

Kretschmer and Hibbs ® studied 17 cases of malignant tumois of 
the kidney which occurred in infants and children. Such tumors are 
rare ; Bugbee and Wollstein, in a review of 4,903 necropsies on infants 
and children, did not report a case of malignant renal tumor. 

Wilms showed that mixed tumors of the kidney are composed o 
a variety of different tissues ; that all the tissues develop Horn a ce 
tissue that does not show any of the known differentiating mar^s 
Glandular elements are always present, and smooth and striated muse , 
cartilage, fat and elastic, fibrous and myxomatous tissue are usua y 
present. 

6. Kretschmer, H. L., and Hibbs, W. G. : Mixed Tumors of Jgj] 

Infancy and Childhood ; A Study of Seventeen Cases, Surg. Gynec. 

(Jan.) 1931. 
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Embryonal tumors of the kidney are the most common primary 
neoplasms that occur in children. The largest tumor in Kretschmer’s 
series weighed 1,530 Gm. and the smallest, 235 Gm. ; the average weight 
of all of the tumors was 762 Gm. The tumors are predominately 
unilateral ; only 2 of the 17 reported were bilateral. They are encapsu- 
lated and retroperitoneal, and arise within the renal capsule. They 
are globular to oval in shape, solid, opaque and variously subdivided 
into lobules. Somewhere on the surface a nodule of renal tissue usually 
remains. The most distinguishing feature of these tumors is . their 
embryonal structure, with a variety of tissue of abortive renal elements. 
The types of cells and the amount vary in the different tumors. They 
are usuall}' myxomatous tissue composed of masses of polymorphous, 
nucleated cells in which are embedded glandlike or ductlike figures 
resembling uriniferous tubules, which may be sparse or abundant. 
There are both epithelial and connective tissue elements. The epithelial 
elements consist of small and large undifferentiated cells which* are 
often spoken of as epithelial cell nests and embryonal tubules. The 
connective tissue elements consist of loose stroma, undifferentiated round 
cells and striated and nonstriated muscle fibers. 

Extensions and metastases of such tumors are exceptional unless 
the original tumor is large. Regional involvement by extension is the 
usual method of growth. Extension and metastasis may occur through- 
out the entire abdomen. The time that elapsed between the first 
noticeable symptoms and the physician’s examination was usually short ; 
this varied from six days in one case to twelve months in another. 
Gross blood in the urine was not found in any of these cases. An 
increase of temperature is often found with malignant tumors in the 
adult ; fever was present in 9 of the 17 cases, and in all a palpable tumor 
was present. In all but 1 case, the presence of the tumor was directly 
responsible for the patient’s seeking medical attention. Albumin was 
present in 7 cases ; microscopic blood was found in only 1 case. In 
every case there was definite evidence of secondary anemia. Of the 17 
patients, 16 died. 

Bowen and Bennett ’’ stated that squamous cell carcinoma of the 
renal pelvis is not common ; among the malignant tumors arising from 
the epithelium in this region, it is much less common than the papillary 
types. In 1927, 35 cases of renal tumor were reported from Peter 
Bent Brigham Hospital ; 5 of the tumors originated in the pelvic 
epithelium ; 2 of these were associated with other types of growth, a 
third was of the papillary type, but none was associated with stone. 

7. Bowen, J. A., and Bennett, G. A.: Sqeiamous Cell Carcinoma of the 
Kidney Pelvis, J. Urol. 24:495 (Nov.) 1930. 
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At the time of the report, 9 of the 35 patients were alive, and only 1 
of these, with the papillary type of tumor, had suffered from a growth 
in the renal pelvis. 

Bowen and Bennett reported the case of a man, aged 57, with 
squamous cell carcinoma of the renal pelvis. For many years urinary 
infection, and for at least a year a renal stone, appeared to be present. 
Operation revealed moderate pyonephrosis, a branching stone and tumor 
of the renal pelvis. A recurrence was noted several months later. This 
case emphasizes the danger of neglecting urinary infections. 

[Compilers'’ Note. — Squamous cell tumors of the renal pelvis prob- 
ably result, in most cases, from chronic irritation ; they are highly 
malignant, rapidly involve the renal parenchyma and neighboring tissues 
and metastasize readily. This t3'^pe of growth is sometimes, as in Bowen 
and Bennett’s case, associated with renal calculi, which may be rough, 
irregular and very large. Owing to the absence of symptoms suggestive 
of a malignant condition, these tumors are rarely seen when the growth 
is small or localized to the renal pelvis. The operative mortality is 
high, and most patients who survive die shortly after the operation from 
local recurrences, or metastatic growths. 

Four of 5 cases of squamous cell tumors of the renal pelvis observed 
at the Mayo Clinic between 1907 and 1922 were associated with renal 
stone ; the calculi in 3 kidneys were extremely large and of the staghorn 
type. One patient died eight days after operation, and 3 died during 
the first four months. The fifth patient was alive without symptoms 
of recm-rence six months after operation.] 

Graham ® stated that renal neoplasms occur at all ages, more than 
50 per cent occurring in the fourth and fifth decades. The type of 
tumor of the kidney described by Grawitz is the most common and 
the most significant. Hypernephroma rarely occurs in children, but is 
the prevailing type of renal neoplasm in adult life. It is observed 
more frequently in men than in women. It may be situated in any 
part of the kidney, but is most often in the upper pole. It is rarely 
bilateral. Many of the smaller lesions are partially or completely 
encapsulated. In such cases the tumor increases by local growth without 
invasion of the surrounding renal tissue. The renal parenchyrna may 
become atrophic as the result of compression. On gross examination, 
hypernephromas may appear as circumscribed, encapsulated, or diffuse y 
infiltrating masses. They are usually soft and light yellow, an are 
frequently complicated by varying degrees of diffuse hemorrhage an 
necrosis. 

8. Graham, Allen: Pathology of Renal Tumors, Radiology 15:531 (I4ov.) 
1930. 
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Second in order of frequency and significance among renal neoplasms 
are carcinomas, which may be considered in two groups : those arising 
from tubular or glandular epithelium and those arising from the pelvic 
mucosa. Adenomas are not infrequently encountered at necropsy as 
single or multiple lesions in one or in both kidneys. They are generally 
small, white, circumscribed, nonencapsulated nodules not exceeding 1 
cm. in diameter. When the adenoma becomes malignant, fairly well 
circumscribed or diffusely infiltrating, neoplasms of considerable size 
may result. Carcinoma of the kidney in childhood is usually a different 
type and apparently has a different origin from carcinoma in adults. 
It is generally more undifferentiated or embryonal, and in many cases 
it seems to be teratomatous, with one type of tissue predominant. The 
growth may be rapid and large tumors may form, but with little 
tendency to distant metastasis. Carcinomas arising in the renal pelvis 
are of two types, papillomatous and epidermoid. A true epidermoid 
carcinoma with keratohyaline material and pearl formation may arise 
in the pelvis of the kidney, the seat of leukoplakia. The kidney is 
infiltrated, and the usual mode of metastasis is through the lymphatics. 
These tumors are relatively infrequent: they are usually found in 
chronically infected kidneys or in association with calculus. 

True sarcoma in the sense of a malignant tumor arising from the 
supporting tissue is rarely observed in the kidney as a primary tumor. 
A search of the records of the Cleveland Clinic for the last eight years 
failed to disclose a case. 

Mixed tumors, the third type of renal neoplasms in order of fre- 
quency and significance, are not homogeneous and do not conform to 
type. Usually they grow rapidly, form large, clinically detectable masses, 
are difficult to distinguish from pararenal, retroperitoneal and intra- 
peritoneal tumors, and show little tendency to disseminate distant 
metastasis. On microscopic examination, their structure is found to 
be extremely variable. The tissues are rarely of a single uniform type. 
Many of the tumors are radiosensitive and may be kept under control 
for a considerable period by the application of roentgen rays. The 
response to irradiation depends, as in the case of tumors generally, on 
the degree of undifferentiation. Metastatic and recurrent tumors also 
are radiosensitive in some instances. 

Roentgenograms of the kidney indicate the relative size, position 
and contour of the organ, and show relative variations in the density 
of the shadow of one portion of the kidney as contrasted with that 
of. another, or of the kidney as contrasted with its surroundings. The 
cooperation that has been established between urologist and roentgen- 
ologist accounts in great measure for the high degree of accuracy 



166 


ARCHIVES OF SURGERY 


achieved in the interpretation of variations from the roentgenogram 
and pyelogram of the normal kidney. 

Patch and Rhea “ studied the pathogenesis of bleeding of renal 
tumors. In the examination of serial sections they were unable to 
demonstrate destruction of the lining of the pelvis by a tumor, and 
felt justified in concluding that the hematuria resulted from widely 
dilated, thin-walled blood vessels in the subepithelial connective tissue 
of the small protrusion into the superior calix. 

Tuberculosis . — Spitzer stated that the absence of the bacillus of 
tuberculosis in the secretion from a kidney does not mean that tuber- 
culosis of the kidney does not exist. The presence of the bacillus in 
the urine indicates that a focus of tuberculosis is present in either 
the genital or the urinary tract, as these bacilli do not pass through 
normal renal epithelium. The experience of careful observers has 
demonstrated that there is a better chance that patients with tuberculosis 
of the kidney will recover from other -conditions, if the diseased kidney 
is removed. Tuberculous lesions elsewhere in the body are not a 
contraindication to nephrectomy; in the majority of cases these are 
improved after nephrectomy. Regional and spinal anesthesia should 
be used when possible. 

Progressive illness and eventually death are the rule in cases in 
which nephrectomy cannot be performed for tuberculosis of the kidney. 
The excellent results obtained following nephrectomy in well selected 
cases of renal tuberculosis warrant and make imperative its practice 
whenever possible. If nephrectomy is performed the remainder of 
the genital and urinary tracts rarely become infected, whereas when 
nephrectomy is contraindicated, the other parts of such tracts frequently 
become tuberculous. Other treatment than nephrectomy for tuberculosis 
of the kidney is not known. 

[Compilers'’ Note. — That tuberculous bacilluria may exist without 
renal tuberculosis finds fewer and fewer advocates in the liteiature. 
The question of whether nephrectomy is always the procedure of choice 
in unilateral renal tuberculosis, which was formerly almost universally 
accepted, is not so easily answered. Thomas has provided much to 
think about on this subject during the last few years. Perhaps in a 
few early cases that can be carefully controlled under hospital conditions 
from month to month, medical treatment may be advisable. However, 
Spitzer undoubtedly voiced the general opinion in advocating ear y 

9. Patch, F. S., and Rhea, L. J.: On the Pathogenesis of Bleeding m 
Tumours of the Kidney, Brit. J. Urol. 2:248 (Sept.) 1930. 

10. Spitzer, W. M. : Indications and Contra-Indications for Nephrectomy m 
Renal Tuberculosis, J. Urol. 24:469 (Nov.) 1930. 
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nephrectomy in these cases. When performed early, nephrectomy 
obviates spread of the infection to other parts of the urinary tract, 
and in the majority of cases definite cure can be established. In the 
presence of genital tuberculosis, ‘and especially of bilateral renal tuber- 
culosis, surgical procedures are not nearly so definitely indicated.] 

Actinomycosis . — Recht stated that there are only 8 reported cases 
of actinomycosis of the kidney. Israel reported 2 cases. Stanton, 
Kunith and Kleinschmidt each reported a case in which actinomycotic 
processes were not present elsewhere. In 2 cases reported by Earl and 
Abbott there were processes in the brain, lungs and spinal column in 
addition to those in the kidney. Stanton’s and Earl and Abbott’s cases 
were proved at necropsy; the remainder were identified at operation. 
In Cohn’s case actinomycotic spores were found in the urine associated 
with pyelonephritis and prostatitis. It was thought that infection took 
place as a result of trauma. 

Recht cited the case of a man, aged 65, with arteriosclerosis, chronic 
nephritis and cystopyelitis. The patient died, and at necropsy actino- 
mycotic nephritis with abscess was found. Search for a primary focus 
revealed an abscess in the cuneiform bone. The infection of the urinary 
tract was thought to have been carried to the kidney by the blood 
stream. 

In primary renal actinomycosis Recht noted certain characteristics 
which later seemed to disappear. The actinomycotic process localized 
first in the medullary portion of the kidney. General actinomycosis 
followed, and later the kidney became infected. Cortical abscesses were 
noted before involvement of the medullary portion. 

[Compilers’ Note. — The rarity of renal actinomycosis as a primary 
or a secondary disease is emphasized. The diagnosis will rest on finding 
the ray fungus in the urine, or in the tissues at operation. Eisendrath 
expressed the opinion that operation is contraindicated unless the lesion 
is well encapsulated ; he recommended Sevan’s treatment with copper 
sulphate, potassium iodide and roentgen rays. Three primary cases 
are on record in which the cure is of long standing (Eisendrath). A 
single case of primary actinomycosis of the ureter has been noted in 
the literature (Eisendrath).] 

Movable Kidney. — Lewis and Carroll stated that every kidney 
is normally movable, making its excursions up and down with respiration 
or with movements of the body. Tbe kidney becomes diseased when 

11. Recht, Hans: Zur Kenntnisnahme der “isolierten” Nierenaktinomykose, 
Deutsche Ztschr. f. Chir. 224:414 (June) 1930. 

12. Lewis, B., and Carroll, G. : Clinical Evidence on the Question of Movable 
Kidney, J. Urol. 24:479 (Nov.) 1930. 
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mobility is extreme, or when it becomes displaced and remains in its 
abnormal position. 

Movable kidney demands prompt recognition and appropriate sur- 
gical relief. Diagnosis requires proof particularly as to whether the 
symptoms are from displacement or mobility. Methods of relief are 
palliative and surgical. Nephropexy affords permanent results when 
properly carried out. Binders do not cure or afford permanent relief. 
Fattening methods of treatment are not successful. 

Deming stated that nephroptosis is a common condition, but is 
not always accompanied by symptoms. The coexistence of visceroptosis 
with nephroptosis is rare ; disease of the gallbladder is sometimes asso- 
ciated with movable kidney. Kinks of the ureter are secondary to 
ptosis, and renal infection occurs in 33.33 per cent of the cases. Con- 
servative treatment is effective in some instances. Deming has devised 
a new and successful extraperitoneal operation for nephroptosis which 
does not injure the kidney or its capsule and which utilizes all the 
natural supporting structures and places the kidney in an anatomically 
correct position. 

Hydronephrosis. — Scholl stated that the present tendency of uro- 
logic surgeons is to employ the most conservative methods in the treat- 
ment for lesions of the kidney whenever such measures are compatible 
with satisfactory results. It is now possible to utilize the less radicjfl 
procedures, with the consequent saving of functioning tissue. These 
l^rocedures are especially applicable in lesions such as bilateral hydro- 
nephrosis. 

A case is reported in which operation was performed for bilateral 
hydronephrosis. Nephropexy and decapsulation, with stripping of the 
renal vessels and freeing of the ureteropelvic angle, were performed 
on both kidneys. Immediately after operation the pelvic capacity and 
retention were within normal limits. The patient was active physically, 
doing a full day's work and living a normal life free from pain or 
discomfort more than a year after operation. The urine from the 
bladder contained only a few pus cells and no albumin. The patient 
had gained more than 50 pounds (22 Kg.) in weight. 

Surgical Tec/nwc.— Holland presented a method of nephrostomy 

which Cabot has found useful and which has the following advantages : 

13. Deming, C. L. : Nephroptosis, Causes. Relation to Other Viscera, and 
Correction by a New Operation, J. A. M. A. 95:251 (July 26) 1930. ^ 

14. Scholl, A. J.: Conservative Surgery of Bilateral Hydronephrosis, J. ro . 

24:251 (Sept.) 1930. . p r i- 

15. Holland, W. W. : A New Method of Performing Nephrostomy : re mi 
nary Report, Proc. Staff Meet., Mayo Clin. 5:325 (Nov. 12) 1930. 
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The nephrostomy tube can he introduced without mobilization of the 
kidney; it can be quickly and accurately placed in the pelvis with the 
minimal amount of trauma, and intrarenal hemorrhage can he controlled 
through pressure of the tube. A uterine probe is bent into a V shape, 
introduced into the incision in the pelvis, and brought out at the point 
of election on the convex border of the renal cortex. The uterine 
probe is used because of its bulbous end and its malleability. A piece 
of stout thread is attached to the end of the probe which is drawn 
down and out through the incision in the pelvis and attached to a 
winged catheter. 

Cabot stated that the central requirement of this method is that 
the tube shall be accurately placed in the renal pelvis without undue 
destruction of the substance of the kidney. The operation is com- 
monly applied to patients for whom the element of time is important. 
The common method has been to insert an instrument through the 
kidney until it is thought to lie in the pelvis of the kidney. By the 
procedure described, no difficulty is experienced in introducing the tube 
into the pelvis. It is not necessary to deliver the kidney to perform 
the operation. A small opening is made in the pelvis, and the probe 
is introduced and pushed out through the cortex at the point of elec- 
tion. There is no certain point of election to be used as a standai'd. 
The tube should come out at the point where it will best drain the 
kidney. The common complication of nephrostomy is bleeding from 
the wound. Bleeding may be stopped by pressure. If the hole is 
larger than the tube, clots may form in the pelvis and thus the whole 
operation is a failure. By this method the V-shaped end of the catheter 
slips easily into the hole and the tube fits so snugly that bleeding is 
entirely controlled. The tube will stay in position as long as necessar3^ 
The second great difficulty in the old method comes at the time of 
insertion of another tube. A tube may be required for months or even 
permanently. This type of catheter will remain anchored and when a 
fresh tube is put in it returns with certainty to the original position. 

[CoiMPiLERS^ Note. — Nephrostomy by incision through the renal 
cortex into the pelvis and subsequent drainage by catheter has too often 
been marred by hemorrhage into the pelvis. As this procedure interferes 
with renal function, its purpose may be defeated. Cabot’s operation, 
as described by Holland, seems to offer several advantages in that the 
kidney need not be disturbed from its bed, a small exposure of the 
pelvis is necessary, the opening in the parenchyma is made just large 
enough to admit the catheter, which fits snugly, and the catheter can 
be accurately guided into the proper position for drainage.] 
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Solitary Kidneys . — Walters and Wright^'’ reviewed 52 operations 
on solitary kidneys and ureters performed at the Mayo Clinic over 
a period of nineteen years. Solitary kidney occurred twice as often 
in men as in women ; in 75 per cent of the cases patients were in the 
third or fourth decade. In 45 of the 52 cases, operations were per- 
formed for the removal of urinary calculi ; in the 7 remaining cases, 
for conditions other than stone. Of the 45 cases of lithiasis, the stone 
was removed from the kidney in 34 and from the ureter in 11. There 
were 6 deaths following removal of stones from the kidney, a mortality 
of 13.3 per cent. All of the 11 patients from whom stones were 
removed from the ureter of a solitary kidney recovered. Of these 
patients, 4 had complete urinary obstruction, and 2 had had anuria, 
lasting for twenty-four hours after admission. In cases in which 
operation was performed for stone, pelviolithotomy was done in 24 
instances, ureterolithotomy in 10, nephrolithotomy in 7, nephropelvio- 
lithotomy in 2, pelvio-ureterolithotomy in 1 case, ureteral meatotomy in 
1, and resection of the upper pole of the kidney with removal of stones 
in 1. 

The risk of operation on the solitary kidney is dependent on its 
function and the degree of infection. Renal function was abnormally 
low in all of the cases. Delay in operating on a solitary kidney until 
urinary obstruction with anuria had occurred definitely increased the 
mortality rate of operations in such cases. Results are somewhat 
dependent on the size and number of stones present. Reports in the 
literature and a study of cases seen at the clinic would indicate that 
in the presence of satisfactory function of the remaining kidne}'-, without 
abnormal infection, multiple operations can be safely undertaken on 
the solitary remaining kidney, with the expectation of satisfactor}'’ 
results. 

[Compilers’ Note. — The conclusions in a recent paper by Keyes 
and Mathe on solitary kidneys and ureters are, in general, in agreement 
with those of Walters and Wright, who have emphasized that the 
expectancy of good results in operative procedures is dependent on 
renal function and the degree of infection. It has been shown experi- 
mentally that a fourth of the renal parenchyma may adequatel}'’ take 
care of renal function, if the remaining tissue is healthy and in condition 
to function so far as its vascular supply and physiologic drainage are 
concerned. The urgency for early operation is easily understood in 
the light of this experimental evidence.] 


16. Walters, Waltman; and Wright, Williani: Operations on Solitary Kidne> s 
and Ureters: Report of Fifty-Two Cases, Surg. Gynec. Obst. 51:836 (Dec.) W - 
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Mathe stated that the treatment for stone in the solitary kidney 
and ureter includes such prophylactic measures as the early removal of 
unilateral calculi and nephrectomy for pyonephrosis due to calculus 
which might act as a focus for the formation of stone in the healthy 
kidney, the clearing up of all foci of infection in other portions of the 
body, the elimination of stasis in the upper and lower parts of the 
urinary tract, the eradication of infection in the remaining kidney, 
and a careful regimen with regard to abstinence in eating and drinking. 

Five cases of stone in a solitary kidney are reported, the clinical 
cause of which emphasizes early removal of stone from the single 
kidney before renal insufficiency and advanced infection have set in 
and increased the surgical risk. Early lithotomy on the solitary kidney 
and ureter is a benign operation, followed by practically no shock, and 
is tolerated as well as by patients with two kidneys. Attempts to 
induce stones to pass from a solitary renal pelvis or ureter by cystoscopic 
manipulation are dangerous because the stone, in passing, may obstruct 
the ureter. Surgical removal of stone from a solitary kidney and 
ureter requires the most exacting operative technic and keen surgical 
judgment. Preliminary drainage and lavage should be made through 
the ureteral catheter. A wide incision assures good exposure. Extreme 
gentleness should be employed in handling the kidney, blood vessels 
should not be sacrificed, and the incision in the pelvis and ureter should 
not be sutured, in order to assure drainage. A combination pyelotomy 
and nephrotomy incision permits entire removal of a stone and is less 
likely to be followed by recurrence. Decapsulation should be done to 
avoid postoperative renal congestion. 

URETER 

Tumors . — Cerati studied 76 cases of primary epithelial tumors of 
the ureter; 55 were papillary tumors and 17 were nonpapillary ; the 
nature of the neoplasm could not be determined in 5 cases. From 
a clinical point of view these tumors are divided into three groups : 
those situated low, those in the median and superior portions of the 
ureter and those in both ureters. The evolution depends almost entirely 
on the histologic type of the tumor. Even in histologically benign 
tumors the prognosis is serious on account of the accompanying renal 
lesions. The diagnosis is difficult. Cystoscopy is important because 
it permits observation of the tumor (visible in a third of the cases), 

17. Mathe, C. P. : The Management of Stone in the Solitary Kidney and 
Ureter. Surg. Gynec. Obst. 52:79 (Jan.) 1931. 

18. Cerati, P. : Contribution a I’etude des tumeurs epitheliales primitive.'; de 
I’uretere et de leur traitement, Montpelier med. 45:126, 1930. 
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bilateral ureteral catheterization and biopsy. Ureterograms sometimes 
give definite evidence of the growth of the tumor. Nephro-ureterectomy 
is the treatment of choice when the corresponding kidney functions 
satisfactorily and the general condition of the patient permits. If 
complete nephro-ureterectomy cannot be performed, one of several other 
procedures may be indicated, such as low resection of the ureter outside 
or through the bladder with ureteroneocystostomy, resection with suture 
end to end, or fixation to the skin, transvesical resection of a pediculated 
tumor or diathermization by the endovesical route. 

Ockerblad and Helwig stated that primary carcinoma of the 
ureter is rare ; Meeker and McCarthy reviewed only 33 cases up to 1923. 
Kretschmer reported a case in 1922. Ochsner had reviewed 47 cases 
of primary tumor of the ureter, both benign and malignant. Since 
1923, Ockerblad and Helwig have reviewed approximately 18 cases 
and reported a case of their own. Primary carcinoma of the ureter is 
still a rare disease, but owing to increasingly careful necropsies and 
skillful urologic diagnosis, more cases continue to be reported. If 
the growth in the ureter is discovered in its early stages, successful 
operation and cure are not impossible. The symptoms are obscure and 
variable; hematuria is a reliable symptom. The diagnosis can be made 
by a ureterogram which shows a dilation or filling defect in the ureter. 

[Compilers’ Note. — A primary malignant growth in the ureter is 
rare. The distinction of secondary neoplasms from the renal pelvis 
and also from inflammatory granulomas, as described by Braasch, may 
offer difficulties even with cystoscopy and ureterography. Hematuria, 
a localized filling defect shown in the ureterogram, and ureteral and 
pelvic dilatation, constitute the tlu'ee most reliable criteria in diagnosis. 
As Cerati pointed out, the ureterogram may sometimes appear normal. 
Complete nephro-ureterectomy, dissecting out the ureter first (Beer), 
is the ideal treatment. If the tumor has grown into, or has been 
transplanted into the bladder, one gains additional diagnostic evidence 
and the surgical attack is directed first on the bladder and the lower 
part of the ureter. Here ureteroneocystostomy or transplantation of 
the proximal portion of the ureter into the skin may be necessary at 
the primary operation.] 

Rohrer reported a case of primary papillary epithelioma of the 
ureter, in which there were typical symptoms. Implants occurred from 
above downward, in the direction of the urinary stream. When nephrec 

19. Ockerblad, N. F., and Helwig, F. C. : Primary Carcinoma of the Ureter, 

J. Urol. 24:451 (Nov.) 1930. . 

20. Rohrer, P. A.; Papillary Epithelium of the Ureter, J. Urol. 24:639 (Uec-l 

1930. 
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tomy is contemplated for renal papilloma or tumor in the upper part 
of the ureter, it is advisable to remove the ureter in toto, either at the 
time of nephrectomy or as soon after as the patient’s condition permits. 

Stone . — Crane reported a case in a man in whom a large ureteral 
calculus formed rapidly. The stone was 4.5 cm. long and formed 
during a period of seven months. This case illustrates the rapidity with 
which large calculi ma}' recur in the urinary tract and the futility of 
treatment unless the source of the trouble is found and removed. 
Correlating the history, operative data and subsequent course of the 
patient, it may be assumed that a chronic progressive infection in the 
kidne}^ was the primary source of the stone. 

[Compilers’ Note. — A rapidly growing ureteral stone is of unusual 
interest. Generally ureteral stones enlarge slowly and may remain 
the same size for years. Stones in the pelvis of the kidney also develop 
slowly. Two cases observed over a period of years showed an increase 
in size of about 20 per cent a year. Rapidly growing stones in the 
bladder are not infrequently seen; usually they are of the soft, phos- 
phatic type. In a case observed, a stone 5 cm. in diameter developed 
in a period of five weeks between the two stages of a prostatectomy.] 

Squires stated that the removal of calculi from the ureter by 
cystoscopic manipulation or operative cystoscopy has been greatly sim- 
plified since this procedure was instituted in 1915. At that time each 
patient was treated intensively and hospitalized. As a result the reac- 
tions and symptoms that occasionally followed cystoscopic manipulation 
were numerous. The patients are now treated at longer intervals and 
the catheter is not allowed to remain in the ureter so long; often it is 
left in place only a few hours, whereas previously it was left in from 
twenty-four to seventy-two hours. When there is impaction with 
obstruction and pelvic retention, the catheter is left in place for from 
twenty-four to seventy-two hours. 

The plan of procedure as outlined by Crowell consisted in ureteral 
dilatation, ureteral anesthesia and lubrication. A 2 per cent solution 
of procaine hydrochloride is used as an anesthetic ; it is allowed to 
remain in the ureter or renal pelvis for a period of twenty minutes 
and then is drained ; as the ureteral catheter is withdrawn, sterile liquid 
petrolatum is injected. 

In 606 cases of ureteral calculi, 528 calculi were recovered by 
cystoscopic manipulation and 44 by open operation. In 22 cases the 

21. Crane, Whitfield : Rapid Formation of Large Ureteral Calculus with 
Recurrent Bladder Stone. J. Urol. 24:463 (Xov.) 1930. 

22. Squires, C. B. : Disposition of Ureteral Calculi at the Crowell Clinic 
from 1915 to March 31, 1930, J. Urol. 24:461 (Nov.) 19.30. 
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stone was not recovered. In the majority of cases of cystoscopic manipu- 
lation the calculi passed following treatment. 

Ureteral Transplantation. — Sisk, Wear and O’Brien"^ reported on 
thirty-one operations of transplantation of ureters to the sigmoid in 
29 dogs. The transplantation was highly unsatisfactory by the Mayo 
technic. In every case the kidney became infected and closure of the 
ureterosigmoidal opening by the mucosa of the bowel occurred in five 
of the seven unilateral transplants. In the 2 cases of bilateral transplants 
the ureteral openings were markedly stenosed. The Coffey technic gave 
slightly better results. Complete closure of the ureteral opening occurred 
in only one ureter. With the unilateral Coffey operation there was no 
microscopic evidence of pyogenic infection, yet the dogs did not appear 
to be well after the operation. 

Solution of the problem of preventing ascending renal infection 
probably depends on the discovery of means to prevent infection through 
the lymphatics. They obtained partial success in this regard in cases 
in which the exposed end of the ureter was protected for a time from 
infected material. Until a uniformly successful procedure is evolved, 
it would seem better to transplant the ureter only in those cases in 
which older and better understood methods cannot be employed. 

Kinks . — Thompson and Bumpus -■* called attention to the possibility 
of producing a kink in the ureter during pyelography when the roent- 
genogram is made during deep inspiration. They stated the belief that 
this is the possible explanation of why they were unable to demonstrate 
such kinks in many cases in which a diagnosis of ureteral kink had 
been given elsewhere. Three of the cases presented by these authors 
showed a ureteral kink when the exposure was made during full inspira- 
tion and absence of the kink during full expiration. 

23. Sisk, I. R.; Wear, J. B., and O’Brien, H. A.: Transplantation of the 
Ureters to the Sigmoid ; An Experimental Study in Dogs, Surg. Gynec. Obst. 52. 
212 (Feb.) 1931. 

24. Thompson, G. J., and Bumpus, H. C., Jr.: Ureteral Kinks. How 
Occur at the Order “Take a Deep Breath and Hold It,” J. A. M. A. 94. 
(March 15) 1930. 
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Calculous disease of the biliary system is a condition frequently 
encountered by the surgeon. Treatment for cholecystitis, with stones, 
is now a relatively easy surgical problem, and is usually followed by a 
result that is satisfactory to the patient. However, when the bile ducts 
become involved either by the passage of stones from the gallbladder 
into the ducts or by the formation of stones within the ducts them- 
selves, the problem becomes more serious, both for the patient and 
for the surgeon. 

We have recently reviewed a series of 1,608 consecutive cases in 
which stones of the common bile duct were removed by operation at 
the Mayo Clinic. This number does not include 160 cases of stones 
in the ampulla of Vater that we have reported elsewhere. The 1,768 
patients who underwent removal of stones from the common bile duct, 
including the ampulla of Vater, represent 13.2 per cent of all those 
from whom gallstones were removed during the period corresponding 
with that during which the cases included in this study were collected. 
There were 1,120 women and 488 men in this series, a ratio of 2.2 to 1. 

The distribution in various groups according to age is interesting. 
Tbe youngest patient was 5 months, and a fourth of the patients were 
mqre than 60 years. It is of interest to note that, on an average, the 
female patients came for surgical intervention five and a half years 
earlier than the males. 

SYMPTOMS AND DIAGNOSIS 

In the diagnosis of stone in the common bile duct, a complete 
history usually offers the most useful clue, in spite of recent laboratory 
aids and diagnostic refinements. The most characteristic feature of 
stone in the common bile duct is the intermittent nature of the symptoms. 

Submitted for publication, Nov. 7, 1930. 

* Read before the Inter-State Post-Graduate ^Medical .Association. Alinneapolis, 
Oct. 20-24, 1930. 
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Many years ago, Osier described the typical symptoms of stone in 
the common bile duct as paroxysms of colicky pain, chills and fever 
and jaundice, followed by periods of comparative or complete freedom 
from symptoms. Most patients with stones in the common bile duct 
present a history of intermittent trouble, although any one or all of 
the symptoms may be lacking. It is well known that stones in the 
common bile duct may lie dormant for months or years and apparently 
cause no symptoms. Sooner or later, however, in most cases there 
is irritation of the mucous lining of the ducts, which produces an 
inflammatory reaction with edema around the stone, occluding the duct, 
and giving rise to biliary obstruction. If infection is present, S 3 'mp- 
toms of sepsis appear, and if the obstruction is more or less complete, 
jaundice becomes evident. In most cases these acute symptoms last 
only a few hours or a few days, and then the attack is over, leaving 
only residual soreness in the right upper quadrant of the abdomen. 
But as time goes on the attacks become more and more frequent, with 
less complete relief in the intervals, so that there is hardly time for 
recovery from one attack before another one appears. 

Pain is the most common and most characteristic symptom of stone 
in the common bile duct. This usually is of the typical colicky type. 
In our series of 1,608 patients, 1,293 (80 per cent) had a definite history 
of one or more attacks of severe, biliary colic which usually required 
an opiate for relief; 275 (17.1 per cent) complained of pain in the 
epigastrium, variously called dull, boring or aching, but not sufficiently 
severe to be classified as colic, and in 40 (2.4 per cent) no pain occurred 
at any time in the course of the disease. 

Jaundice was present in 1,181 (73.4 per cent) of the cases. lu 
1,105, the jaundice was of the intermittent type, coming in paroxysms, 
with intervals of complete freedom. In 76, the jaundice was persistent 
from its onset, but usually varied in degree. Of the 1,181 patients who 
had jaundice it was present at the time of admission to the clinic in 
222 (18.8 per cent). In 427 (26.5 per cent) of the 1,608 cases 
in the series, the histor}^ did not reveal that the patients had been 


jaundiced at any time. 

Symptoms of sepsis with chills and fever were present in 597 ( 
per cent) of the cases. These symptoms usually Avere associated Avit 'i 
the attacks of colic and jaundice, but in a few cases reclining 
and fcA^er were the only symptoms present. The chills occasiona 
Avere similar to genuine rigor, and were followed by elevation o 


temperature to 104 or 105 F. . 

Gastro-intestinal disturbances of one kind or another weie 
in most of the cases. Nausea and Ammiting occurred in BlOO ( 
cent), associated with one or more of the attacks. The majority o 
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patients complained of chronic dyspepsia, with gas, belching and distress 
in proportion to the amount of fatty foods and coarse vegetables 
ingested. This is commonly seen in patients with disease of the gall- 
bladder. 

External biliary fistula was present at the time of admission in 
39 (2.4 per cent) cases. These occurred in cases in which operation 
had been performed previously, but in which the obstruction of the 
common duct had not been relieved. 

In the diagnosis of obstructive lesions in the common bile duct, 
it is important to know whether or not bile is passing from the duct 
into the duodenum. This can be ascertained easily by passage into the 
duodenum of a small, soft Rehfuss tube. It has been our experience 
that when the obstructing lesion is a stone, bile in smaller or larger 
amounts can be recovered in almost every case, especially if the tube 
is passed daily for three or four days. This is in contrast to the 
complete obstructions due to stricture or malignancy of the duct or of 
the pancreas that sometimes are seen. 

Even after a most careful clinical and laboratory study of these 
cases, the exact diagnosis in a few of them must finally be made on the 
operating table. This is especially true of the cases of so-called silent 
stone in the common duct ; in these cases, symptoms apparently are 
absent. The patient with jaundice often presents a difficult problem 
if one attempts accurately to diagnose the type of lesion which is 
producing the obstruction, and sometimes the only diagnosis that can 
be made is of jaundice of the obstructive type. However, if a history 
is painstakingly obtained, and if the patient is kept for a period of 
observation in the hospital before operation, surprisingly few mistakes 
will be made. In the patient who is not jaundiced and in whom the 
history has been irregular and lacking in one or all of the typical 
symptoms of stones in the common duct, cholecystography may aid 
materially in arriving at a diagnosis, especially if the result is positive. 

OBSERVATIONS AT OPERATION 

In 1,021 (63.5 per cent) of 1,608 cases, stones were found both in 
the gallbladder and in the common bile duct. In 93 of this group, 
operations, most of them cholecystostomy, had been performed pre- 
viously. In 587 (36.5 per cent), stones were found only in the common 
b-le duct. Of the latter group, 149 patients had had the gallbladder 
removed previously ; in the remaining 438, the gallbladder was present 
but did not contain stones. 

We have not attempted to tabulate the number of stones found in 
the ducts, as in many cases only 1 stone was found, whereas in a few, 
more than 100 stones were discovered. The common duct that contains 
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1 stone or more is usually enlarged, and its walls usually are thickened, 
but sometimes, following cholecystectomy or when the function of 
the gallbladder has been destroyed by disease, a duct containing no 
stones may be seen. Frequently when operating, the surgeon is con- 
fronted with the problem of whether or not to open the common duct. 
In many instances, stones cannot be palpated before the duct is opened, 
especially if they are situated in the lower part of the duct, in the 
region of the pancreas. It is our practice to explore the duct even 
when stones cannot be felt, provided that it is unduly enlarged and 
that there is a definite history of. attacks of chills, fever and jaundice. 
In many instances, on account of a definite clinical history, we have 
opened the duct and have found stones that could not be palpated before 
the duct was explored. 

The spontaneous formation of a fistula between the gallbladder and 
an adjacent hollow viscus occurred in 72 patients. In the majority of 
these, the fistula was between the gallbladder and the duodenum ; in a 
lesser number, the communication was with the colon, and in a few 
cases, with the stomach. 

Pancreatitis was mentioned as an associated lesion in 430 (26 per 
cent) cases, and marked cholangeitis was seen in 67 (4.2 per cent). 
Varying degrees of hepatitis and biliary cirrhosis were seen in the 
liver, especially if the condition was of long standing and if jaundice 
had occurred frequently. 

TECHNIC OF OPERATION 

Unfortunately, all of the etiologic factors concerned with the forma- 
tion of gallstones are not known. Neither is the relationship of infection 
and metabolic disturbances to the formation of gallstones understood. 
Often it is difficult to tell whether the primary focus of disease is in 
the gallbladder, bile ducts or liver, or whether the entire biliary system 
may even be affected. But in the light of present knowledge, surgical 
intervention offers the only hope of cure for the patient with gallstones. 

The first technical point in the operation is to see to it that the incision is suf 
ficiently large to permit the best possible exposure. Exposure of the operative 
field is more important in this operation than in almost any other. After te 

incision has been made and the packing off has been completed, the common i e 

duct should be freed as completely as possible, so that the different technical step 
can be carried out without danger of injury to other structures. 

When the duct has been exposed, it is usually best to grasp it with 
Allison forceps. In certain cases it will be better to use the stone as a gui e, o 
ing the stone with the fingers of one hand and making the incision throug 

duct, down on the stone. The opening in the duct should be large enoug 

dilated, to admit the examining finger. A fairly large longitudinal incision 
duct can readily be repaired without any tendency to the formation o ^ ^ 

Not infrequently, especially if the duct is large, a scoop or probe vi P^ss 
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stone, thus giving the impression that no stone is present. However, when the duct 
is large enough to admit a finger, the likelihood of overlooking a stone is reduced 
considerably. 

After the incision has been made in the duct, the bile, debris and loose stones 
should be gently sponged out, and then all the other free stones should be removed 
as gently as possible from the common and hepatic ducts. We are certain that 
considerable harm can come from irrigation of the bile ducts if too vigorously 
applied, although several times we have been able to flush stones out of the ducts 
of the liver that probably could not have been removed in any other way. 

Removal of the stone or stones from the ampulla is best accomplished by first 
passing a scoop into the ampulla, then guiding the scoop, with the fingers outside 
the duodenum, gradually manipulating the stone until it is crowded into the hollow 
of the scoop, and holding it in this position as the scoop is gradually withdrawn. 
We find that the surest way to palpate a small stone in the ampulla, especiallj’- 
when the surrounding pancreatic tissue is swollen, is to pass a probe, as large as 
will comfortably fit into the common bile duct, gently down into the ampulla, and 
then to palpate the ampulla, leaving this instrument in place as a guide. In many 
cases, the duct is greatly elongated, and there may also be considerable enlargement 
of the head of the pancreas, which makes it difficult to locate the ampulla even 
when a stone of fair size is present. A large curved hemostat is one of the best 
instruments for locating the ampulla and also for demonstrating whether or not it 
is open. We have frequently been able to pass such an instrument into the 
duodenum when nothing else would go through the ampulla. 

We realize how difficult it is to be sure that all stones have been 
removed. Occasionally some will be overlooked, even when the greatest 
care has been exercised, and in some instances stones will form again. 
We do not feel that efforts to clear out all calculi should be carried to 
the point of too great trauma to the tissues. We have seen one case 
of stricture following removal of stone from the ampulla. This, appar- 
ently, rarel}' occurs, but severe infection may follow energetic probing 
and dilating. If the gallbladder has been removed or destroyed, the 
activity of the sphincter at the ampulla will be overcome, and there 
will be a free passage for small stones or debris into the duodenum. 
We believe that it is far more important to provide for prolonged 
drainage by the insertion of a T-tube, when stone in the common duct 
occurs, than it is to dilate the passage forcibly into the duodenum. 
Drainage of the duct should always be carried out after removal of 
stones, and this is best done with the Deaver T-tube. By this method, 
complete control of the flow of bile is obtained after the wound has 
healed around the tube. If the lower end of the duct is opened widely, 
bile will pass through the tube into the duodenum; whereas if the 
ampulla is closed because of swelling or another cause, the bile escapes 
to the outside through the long arm of the tube. When bile is needed 
for the welfare of the patient, it may often be forced into the duodenum 
by clamping the outside tube. Another advantage of this plan of 
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drainage is that this tube may be used as MacArthur suggests, that is, 
for the administration of fluids, dextrose and any form of liquid 
nourishment. 

It is our practice to remove the gallbladder in all cases of stone of 
the common duct when jaundice is not present or when the operative 
risk is not materially increased. When the patient is deeply jaundiced, 
we feel that the additional operation involved in removal of the gall- 
bladder with exposure of the surface of the liver is not justified, 
except in an occasional instance. In most of these cases cholecystostomy 
is done, with removal of the stones, in addition to choledochostomy. 


POSTOPERATIVE TREATMENT 


The intravenous administration of _a 10 per cent solution of dextrose 
has proved to be a great help in treating patients after operation; this 
is especially so if the patients are jaundiced or if the liver has been 
considerably injured by the disease. We give 1 or 2 liters as a routine 
injection each day for the first few days after operation. As soon as 
the patient is able to take nourishment, carbohydrates are given freely, 
and often 30 cc. of karo corn syrup twice daily is prescribed as an 
aid to recovery of hepatic function. 

In the average cases of stone in the common bile duct, the drainage 
of bile to the outside through the T-tube will begin to diminish after 
the first week. At the end of the second week considerable bile is 
usually entering the duodenum, and at this stage we begin to clamp the 
long arm of the T-tuhe for a few minutes each day. The time during 
which the tube is clamped is gradually increased, and usually by the 
end of the fourth week the tube can be clamped all of the time with 
perfect comfort to the patient. By this time the stools are well colored 
with bile, and then the T-tuhe is removed. 

If the patient is deeply jaundiced at the time of the operation, or 
if marked cholangeitis and hepatitis are present, prolonged drainage is 
indicated. In such cases, we frequently leave the tube in place for 


several months, and occasionally for a year. 

The most frequent postoperative complications are peiitonitis, 
pneumonia, hemorrhage and hepatic and renal insufficienc}^ Many 
patients constitute poor risks from a surgical standpoint on account 
of age, jaundice and hepatic disease of long standing; it is in this 
group that most of the deaths occur. In patients who seek relief ear y 
in the course of their illness, before their general health has become 
materially impaired, and before the liver has become extensively is 
eased, operation can be done with a risk that is very little greater t lan 
that encountered in cholecystectomy. In the patient with jaundice, tie 
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tendency to hemorrhage after operation is present, and we feel that 
small transfusions of whole blood are of definite benefit in controlling 
the bleeding. 

RESULTS 

In the series of 1,608 patients, the mortality rate was 6.7 per cent. 
Various causes were responsible for the number of deaths represented 
by this percentage, as follows; local or generalized peritonitis, 24 per 
cent; pneumonia, 24 per cent; hemorrhage in one form or another, 18 
per cent ; acute or chronic nephritis with renal insufficiency, 10 per cent, 
and pulmonary embolism, 7 per cent. The remainder of the deaths 
were due to cardiac failure, suppurative cholangeitis, diabetes mellitus, 
meningitis, ulcerative colitis and atroph}^ of the liver with hepatic 
insufficiency. 

The patients who survived the operation were, in the great majority 
of cases, completely relieved from their symptoms and have remained 
well. In the follow-up records it is found that 75 (4 per cent) have 
returned to the clinic because of recurring trouble, and in 55 of these, 
stones were again removed from the common bile duct. 
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The occurrence of aneurysms of the abdominal A^essels is considered 
unusual, but as the result of improvement in diagnostic technic, 
aneurysms have come to occupy an important position among the 
lesions of the abdomen of which there are no pathognomonic signs. Of 
this group, splenic aneurysms are perhajis the most uncommon, since 
Anderson and Gray,’- who I'ecently published an admirable summary of 
the subject, were able to collect only 58 clinical cases. In but one of 
these was the lesion diagnosed preoperatively, Schroeder,- who made 
a study of splenic aneurysms, collected statistics from the larger patho- 
logic museums of Europe, and in his series of 32,768 autopsies, only 
20 cases of splenic aneurysm are included. Of the clinical cases 
reported, operation was performed in 15. The diagnosis was made 
preoperatively only once, by Hogler,^ from the following symptoms and 
signs : sudden attacks of pain in the upper left quadrant of the abdomen, 
a filling defect in the stomach along the lesser curvature and a systolic 
blow over a palpable tumor. 

Winckler * performed an operation for a splenic aneurysm in which 
he I'emoved the spleen also. His patient recovered, and lived for 
twenty-five years. In his paper he considered the advisability of 
splenectomy in the presence of splenic aneurysm, stating that he felt it 
to be a hazardous procedure. 

Villard and Murard ® gave an account of a case in which operation 
was performed for a pancreatic cyst, but an aneurysm of the splenic 

* Submitted for publication, Dec. 6, 1930. 

* From the Cleveland Clinic. 
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5. Villard, E., and Murard, J. ; Anevrisme de I’artere splenique. Arc . ^ 

de chir. 8:749, 1912. 
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artery was found. They used a tampon instead of attempting to remove 
the tumor, and the patient died twelve days later. 

In Mulley’s ® case, a diagnosis of left hydronephrosis was made. 
At operation, a large solid tumor was found near the splenic vessels 
which, on inspection, proved to be an aneuiysm. The spleen was 
removed along with the tumor, and the patient recovered. 

Garland " described a case in which rupture of a splenic aneurysm 
was caused by an abdominal paracentesis, which caused the patient’s 
death. 

Smith ® gave the history of a Negress who was brought into a hos- 
pital in shock. A diagnosis of ectopic pregnancy was made. At oper- 
ation much blood was found in the lesser omental sac, and further 
examination revealed a splenic aneurysm which had ruptured. The 
bleeding was controlled with tampons, but the patient died two hours 
later. In this case the aneurysm had pressed on the pancreas and had 
caused atrophy. 

Lundwall and Godl descidbed an aneurysm of the splenic artery 
which ruptured during the ninth month of pregnancy, causing the 
death of the patient. A supravaginal hysterectomy was done in an 
attempt to prevent bleeding, the source of which was in the abdominal 
cavity. Only at autopsy, however, was the lesion of the splenic vessel 
found. 

In Schroeder’s - case, there was a swelling on the left side, with 
blood in the stools. At operation he found a cirsoid aneurysm of the 
splenic artery, with an enlarged spleen weighing 3,000 Gm. The patient 
died after the operation. 

Fitzwilliams performed an exploratory laparotomy for shock com- 
bined with abdominal pain. He found a ruptured aneurysm of the 
splenic artery. The patient died within four hours. 

Davis operated because of a tumor which appeared just to the 
left of the umbilicus. He succeeded in removing the mass, and the 
patient made an uneventful recovery. 

6. Mulley, K. : Ein Fall von Aneurysma der Arteria lienalis, geheilt durch 
Splenektomie, Beitr. z. kiln. Chir. 111:205, 1918. 

7. Garland, J. : Aneurysm of the Splenic -Artery, Rupturing Simultaneously 
with Paracentesis Abdominis, Boston M. & S. J. 181:385, 1921. 

8. Smith, W. R. : A Case of Ruptured Aneurysm of the Splenic .Artery. 
J. A. M. A. 80:1692 (June 9) 1923. 

9. Lundwall, K., and Godl. .A.: Aneurysm of the Splenic Artery, .Arch. f. 
Gynak. 118:177, 1923. 

10. Fitzwilliams, D. C. L. : Fatal Case of .Aneurysm of the Splenic Artery. 
Brit. M. J. 2:803, 1924. 

11. Davis, B. F. : Aneurysm of the Splenic .Artery: Operative Removal. 
J. A. M. A. ’84:200 (Jan. 17) 1925. 
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Naher removed a splenic aneurysm together with the spleen, and 
his patient was cured. 

Saenger gave the history of a patient who suffered from sudden 
pain in the abdomen followed by collapse. An operation was performed 
and an eight months’ fetus was found. Free blood in the peritoneal 
cavity led to the discovery of an aneurysm of the splenic vessels. 

Goullioud operated in a case in which he found an aneurysm of 
the splenic artery. He was unable to dissect the mass free, and there- 
fore tied the large vessels entering and leaving it. The patient made 
an uneventful recovery. 

Faehrmann and Ugriimow operated on a man suffering from 
paroxysmal pain, and found an enlarged spleen with hemorrhagic ascites, 
together with a bleeding point in the splenic artery. Tampons were 
used, but the patient died twelve hours later. Autopsy revealed an 
aneurysm of the splenic vessels. 

Marshall performed an operation on a patient who had a wound 
from a gunshot in the abdomen, and found a pancreatic fistula, which 
finall}’' closed. Five months later, the patient was readmitted with an 
aneurysm of the splenic artery. A gauze pack was used to control 
bleeding, and a pancreatic fistula was again formed. 

The following case is presented because of the patient’s long illness, 
the unusual pathologic condition which was found and the favorable 
outcome of surgical intervention : 


REPORT OF CASE 

History . — A boy, aged 16 years, was admitted to the Cleveland Clinic on March 
15, 1930, complaining of attacks of severe abdominal pain. The mother gave the 
following history. Shortly after recovery from an attack of whooping cough, 
which had occurred eight years previously, paroxysms of pain had suddenly 
developed in the pit of the stomach. These were so intense that the patient woul 
writhe on the floor and apply pressure to his abdomen in an effort to secure rehe . 
The pain was not related to meals, but came on at any time. During the pre- 
ceding six months, it had occurred more frequently, and at the time of this con 
sultation the patient had as many as two or three attacks a day. Morphine m 
one-half grain (0.32 mg.) doses afforded some relief. After an attack of pam tie 
stools were tarry, and on examination they were found to contain much bloo 
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Lyon med. 142:353, 1928. _ 
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16. Marshall, C. J. : Traumatic Aneurj’-sm of the Splenic Artery wit P 
and Ligature, Brit. J. Surg. 9:570, 1922. 
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The patient had had the usual diseases of childhood. His tonsils were removed 
^\hen he was 7 years of age, and a biopsj' had been done on a gland in the neck 
in an attempt to rule out Hodgkin’s disease. There was no history of respiratory, 
cardiac or renal trouble. The family history was unimportant. 

Examination. — Physical examination revealed a slim, pale, undernourished boy 
about 50 pounds (22.71 Kg.) underweight for his height. The temperature was 
99.4 F., the pulse rate 128 and the blood pressure 100 systolic and 60 diastolic. 
The skin was a pale j'^ellow, and the mucous membranes were pallid. The head 
and neck were essentially normal. On examination of the chest, some rales were 
heard in the upper lobe of the left lung. The heart was normal in size, shape 
and position, but there was a slight systolic murmur at the apex which was 
thought to be functional. The abdomen was slightly distended, but no fluid, scars 
or masses could be detected. The remainder of the ph 3 ^sical examination revealed 
nothing of significance. 

Examination of the blood gave the following results: red blood cells, 1,700,000; 
white blood cells, 4,600, and hemoglobin, 40 per cent. The differential count was : 
poljTOorphonuclear cells, 61 per cent; Ij'mphoci'tes, 39 per cent, and transitional 
cells, 1 per cent. The red cells showed central pallor and a marked variation in 
size and shape. 

Urinalysis gave negative results. 

The chemical analysis of the blood showed the sugar, urea, uric acid, calcium, 
phosphorus, cholesterol and serum bilirubin to be within normal limits. The 
Wassermann and Kahn tests of the blood were negative. 

Examination of the stool revealed much occult blood but no parasites, and a 
culture from the stool showed colon bacilli and gram-positive diplococci. 

A roentgenogram of the chest indicated that there was considerable fibrosis of 
the hilus and of the upper lobe of the left lung. A roentgenogram of the abdomen 
suggested nothing abnormal. A roentgenographic study of the gastro-intestinal 
tract revealed a functioning gallbladder, a normal stomach, deformity and hyper- 
motility of the duodenum and a smooth and hj’permotile colon. 

From these observations, a tentatitve diagnosis of chronic pancreatitis was 
made. Other possibilities considered were diaphragmatic hernia, Heckel’s diverti- 
culum and congenital adhesions. 

The patient was admitted to the hospital and given a transfusion of 500 cc. 
of whole blood. He was given a high caloric diet and was placed at rest in 
bed. The pain continued, and there were no signs of improvement. To ascertain 
the underljdng pathologic process, an exploratory laparotomj’- was decided on. 

Operation and Course. — With the patient under spinal anesthesia, a high left 
rectus incision was made, extending from the .xiphoid process to the umbilicus. 
No gross pathologic process was found in the stomach. The duodenum appar- 
entlj’^ was dilated and hypertrophied. No scarring was present in the duodenal 
wall. Examination of the large bowel disclosed no gross abnormalities. Inspec- 
tion of the jejunum revealed a tumor just above and to the left of the ligament 
of Treitz. This tumor was firmly adherent to the intestinal wall and was bound 
down to the vessels leading to the hilus of the spleen. Palpation showed this 
mass to be solid and apparenth’ attached to the pancreas. A needle was inserted 
into the tumor in an effort to ascertain its contents, but nothing could be aspirated. 
The operator then began to dissect the mass free from the intestine, which proved 
to be easy. While attempting to liberate the mass from the splenic vessels, hem- 
orrhage occurred, and a transfusion was performed during the operation. Hemo- 
stasis was secured with forceps and ligatures. The mass could not be dissected 
tree from the pancreas, and the tail of the pancreas, therefore, was removed with 
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the tumor. The pancreatic duct was found to be markedly dilated, which in all 
probability was due to pressure on the pancreas. Tlie operator decided that it 
would be best to bring the cut end of the pancreatic duct up to the abdominal 
incision, so that if leakage occurred it would drain to the outside. The abdomen 
was closed without a drain. 

After the operation the patient had a rather high temperature, which gradually 
subsided and became normal at the end of the sixth day. About the seventh day 
the pancreatic duct that had been sewed into the abdominal wound showed some 
tendency to discharge. With cauterization by means of silver nitrate, however, 
this duct healed satisfactorily. 

The patient was seen two months after the operation, and he reported that 
there had been no recurrence of the pain. He had gained 25 pounds (11.3 Kg.) 



Fig. 1. — A, patient two weeks after operation for aneurysm of the splemc 
artery; B, six months after operation. Note the improved state of nutrition. 


in weight, and his appetite was much increased. The anemia had progressive y 
lessened until, at the time of this examination, the hemoglobin was 80 per cen 

and the red cell count 4,500,000. . . , 

The patient’s gain in weight following operation was slow despite his goo 
appetite. In view of the fact that about a third of the pancreas had been remov . 
an examination of the feces was made. The stool was very bulky , and 
much undigested material. The normal stool contains from 30,000 to , 
of amylase. (By a unit of amylase is meant the number of cubic centime 
1 per cent solution of starch which would be digested by 3,000 cc. o eca 
pension in one-half hour at a temperature of 38 C.) The patient s stoo con 
less than 3,000 units, and the trypsin content was likewise very on- 
suspension of 1.8 cc. failed to digest 5 cc. of a 1 per cent solution of rasein. 

The stool, stained with sudan III, showed many crystals o attj 
fat globules were present. In order to augment pancreatic digestion, pa 
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a dried gland preparation, was given in doses of 10 grains (0.65 Gm.). Following 
a period of treatment with pancreatin, the patient began to gain weight. While 
the pancreatin was being administered, the stool was again examined and found 
to contain the pancreatic enzj^mes within normal limits. Because of the deficiency 
in external pancreatic secretion, the blood sugar content and the dextrose tolerance 
curves were examined, but the patient did not show any evidence of h 3 'pergl 3 xemia. 

Pathologic Report . — The pathologic report was as follows : The specimen 
(fig. 2) consisted of a portion of the tail of the pancreas and an attached aneur 3 's- 
mal sac, weighing 40 Gm. The portion of the pancreas, apparenth' the tail end, 
measured 5 cm. in length, 2.5 cm. in width and 1 cm. in thickness. It was covered 
by fibrofatty tissue, and there were numerous lymph nodes in this tissue on the 
posterior surface of the pancreas. There was a central ductlike structure run- 
ning longitudinally through the pancreas. This channel was dilated, irregular and 
surrounded by fibrofatty and pancreatic tissue. Attached to the anterior surface 



Fig. 2. — Gross view of specimen of aneur 3 sm of the splenic arter 3 -. The 
threads show the course of the blood vessels through the aneurysm. The vertical 
thread is passed through the splenic arter 3 ', while the horizontal thread runs 
through a branch of the splenic arter 3 ’’ and the aneur 3 'smal sac. 


of the pancreas there was a large, round, encapsulated mass which had been 
ruptured. It consisted of a sac, apparenth- the wall of a blood vessel, and e.xcept 
for an irregular cavit 3 ’ near the center it was filled with a laminated blood clot. 
At tbe posterior extremity there was an opening about 2 mm. in diameter, appar- 
ently a blood vessel. Along the superior border and parallel to the pancreas there 
was a segment of a vein and of an artcr 3 % the splenic vessels. From about the 
middle point of the arterial segment, a branch led into the aneurysmal sac. 

On microscopic examination, pancreatic tissue was seen, with extensive fibrosis 
and loss of glandular tissue. Some of the lobules were represented onh' Iw 
small and by large ducts. There were numerous large masses of islet tissue, 
which histologically were normal. Neither acti\e acute inflammation nor acute 
necrosis was seen. Sections from the wall of the aneurysm showed a fibromus- 
cular coat externally and a thick la 3 'er of organized and recent blood clot intcr- 
nalh’. 
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COMMENT 

The absence of any constant pathognomonic symptom or sign of 
splenic aneurysm is striking. ■ The two most common observations in 
cases of aneurysm of the splenic vessels are unheralded paroxysmal 
attacks of pain in the left side of the epigastrium and tany stools. The 
pain is much more severe than that due to organic lesions in the stomach, 
and should not be mistaken for the pain caused by a gastric ulcer. In 
addition, there is considerable anemia, and not infrequently there is a 
pancreatic deficiency which may be detected by examination of the 
stool for undigested fat. The roentgenologic examination usually does 
not show an3'thing definite, although in Hogler’s case,^ in which the 
aneurysm was lai'ge, the pulsations could be seen under the fluoroscope 
when a barium meal was given. One feature of the abdominal exami- 
nation which is usually omitted is auscultation. In only one case was a 
definite bruit heard over the vessel. 

The case report presented here demonstrates that a pancreatic defi- 
ciency may accompaii}'^ a splenic aneurj'-sm. The type of deficiency 
involves only the glandular tissue concerned with external secretion. 
The islet tissue remains intact. This observation has been made 
repeatedly in experimental animals in which the pancreatic duct has been 
ligated. It is noteworthy that the pancreatin given by mouth corrects 
the deficiency in pancreatic digestion. 

Fifteen cases of splenic aneurysm for which operation has been 
performed are reported in the literature. In this series, seven patients 
have recovered from the operation and eight have died, manv of the 
latter having entered the hospital in a state of shock or collapse. In 
four cases a tampon was used to control bleeding, and in every instance 
the patient died. In two of the cases in which recover}^ followed oper- 
ation, the spleen was removed, and in one, the vessels leaving and 
entering the aneurysm were tied. In Smith’s case ® the tail of the 
pancreas was involved, causing atrophy by pressure. In the authors’ 
case also, the tail of the pancreas was involved, with atrophy of the 
parenchyma and a dilatation of the pancreatic duct. 

From a stud}'^ of the reports of operations performed for splenic 
aneurysm, it appears that the most important detail is to secure hemo- 
stasis, as ligation of the vessels or splenectomy was usually followed lyv 
recover)^ In all the cases in which a tampon was used to control Ideed- 
ing, the patients died. The vessels affected can be ligated without 
serious results. When the splenic arterv is involved, ligature of the 
vessel causes an aseptic atroph\' of the spleen, which should cause no 
nlortalit3^ as this has l)een done manv times in experimental animal', 
and several times in human subjects without any serious effect'. 
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CONCLUSIONS 

In cases exhibiting paroxysmal attacks of pain in the upper portion 
of the abdomen accompanied by gastro-intestinal hemorrhages and an 
epigastric tumor, and in which roentgenologic examination fails to dis- 
close an organic lesion of the stomach, the possibility of a splenic 
aneurysm should be considered. In view of the pancreatic involvement 
in two cases of splenic aneurysm, an examination of the stools for 
undigested fat should be made in order to determine whether or not 
a pancreatic deficiency exists. A stud}' of the enzymatic strength of 
the urine also would be useful, since in diseases of the pancreas an 
increased amylase content is not infrequently found in the urine. In all 
cases of abdominal tumor, stethoscopic examination should be made 
as a routine measure in order to determine the presence or absence of 
a bruit. 

In operating on an aneurysm of the abdominal cavity, accurate 
hemostasis is essential, as in all cases in which a tampon was used, the 
patients died. If removal of the spleen is necessary for hemostasis, or 
ligation of the splenic artery and vein is essential, either may be done 
without fatal results. 



NORMAL THYROID IN RELATION TO THE 
CLASSIFICATION OF GOITERS 

HISTOLOGIC STUDIES * 

J. WILLIAM HINTON, M.D. 

Assistant Professor of Surgery, New York Post-Graduate Medical School and 
Hospital; Assistant Attending Surgeon, Bellevue Hospital 
NEW YORK 

After examining patients with thyroid diseases, one is chiefly con- 
cerned as to the method of treatment indicated to restore these persons 
to normal with the shortest period of disability. From writings on both 
the clinical and the pathologic aspects of thyroid diseases, one is led to 
believe that there are different types of goiter which remain constant, 
and that the treatment can be outlined according to the t 3 ’’pe. Whether 
goiters of different types do represent definite clinical entities has not 
been settled, but Hertzler ^ was the first to point out that they may 
represent merety stages of a continuous disease. 

In view of the fact that there is a difference of opinion as to whether 
one is dealing with a continuous process or different diseases, it was 
thought advisable to undertake a study of the normal thyroid to deter- 
mine whether there is a relatively constant histologic picture for the 
different periods of life from the fetal to the senile stage. In a recent 
paper - a report was made on the study of sections from 107 cases. It 
was my purpose to obtain sections from a large series of cases in which 
death was accidental, rather than serial sections from a few cases, as the 
study of a large group would represent more nearL the pathologic 
reports on operative specimens. Of SO cases in which death was acci- 
dental the age varied from stillbirth to 89 years. I was unable to find 
a relativel}’- constant histologic picture for different ages, and the sections 
were so variable that it was difficult to conclude what was normal. 
There were also 16 cases in which death resulted from acute diseases 
and 11 in which it resulted from chronic diseases, but the sections failed 
to reveal an}’- definite changes. 

Figures 1 to 7 'inclusive illustrate how variable the histologic 
changes are in people of apparently normal health. In a specimen 

* Submitted for publication, Oct. 20, 1930. 

* Read before the Yorkville Medical Society, Oct. 20, 1930. 
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obtained from a female infant; stillborn due to cranial injuries, the 
epithelial cells were closely spaced with the gland divided into lobules 
by connective tissue with the absence of acini (fig. 1). In a boy, aged 
10 weeks, who died of pneumonia, the acini were well formed with an 
abundance of both interacinal and interlobular connective tissue (fig. 2). 
This is contrary to Hertzler’s ^ opinion that the connective tissue is 
more abundant in elderly people. A boy, aged 13 years, who died from 



Fig. 1. — Section from a female infant, stillborn, due to cranial injuries. 


a fractured skull, showed large acini which contained colloid (fig- 
In a man, aged 25, who was shot by the police and instantly killed, tie 
acini were veiy large, contained colloid, and were lined by flat epithe it»n 
(fig. 4). In a woman, aged 35, who died from a fractured -V 

gland was divided into lobules by connective tissue but made up c iie } 
of undifferentiated epithelial cells. A woman, aged 61, 
suicide by strangulation. In the specimen obtained in this case, 

3. Hertzler, Arthur E. : Diseases of the Thyroid Gland, ed. 2, St. L 
C. V. JMosby Company, 1929. 















II. 3. — Section from a hoy. 
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Fig. 4. — Section from a man 















Fig. 6. — Section from a woman, aged 61, who committed suicide by strangulation. 
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::cini were small and contained little colloid with scanty inter- 
acinal connective tissue (fig. 6). Some well developed acini with other 
areas of undifferentiated epithelial cells and interlobular connective 
tissue at the periphery were found in the thyroid of a man, aged 75, 
who died of a fractured skull (fig. 7 ). 

If the foregoing pathologic changes are so variable, there is little- 
wonder that considerable confusion arises in making an accurate diag- 
nosis in definite goiters. In a previous paper cases were reported 
in which the clinical diagnosis was of one type of goiter but the patho- 
logic report was of a dififerent type, and if these cases are carefully 
studied it can be seen that the clinical diagnosis without the knowledge 
of the pathologic changes was correct; the same holds true for the 
pathologic diagnosis. The following cases will illustrate the difficulty 
encountered in making the clinical and jjathologic diagnosis coincide. 


REPORT OF CASES 

Case 1. — A girl, aged 13 years, first seen b}' me on July 29, 1930, stated that 
two years previously her mother had noticed a slight swelling of her neck. Her 
school physician had advised iodide salt, which she used until April, 1930. Not 
noticing any improvement in her condition, she consnltcd Dr. Pohlmann of 
Middletown, N. Y., on April 9, 1930. Her weight was then 117jd pounds 
(53.3 Kg.), the pulse 82, and there were no symptoms of hyperthyroidism. 
Dr. Pohlmann’s diagnosis was adolescent goiter. Syrup of ferrous iodide, 10 
minims (0.6 cc,), three times a day, was prescribed. On June 12 the weight was 
107)4 pounds (48.7 Kg.), the pulse rate 84, and still there were no symptoms of 
hyperthyroidism; the iodide was continued. On June 30, the pulse rate was 120, 
and there was definite evidence of hyperthyroidism. The iodide medication was 
discontinued; the patient was put to bed and given 30 grains (1.95 Gm.) of triple 
bromides every four hours. The basal metabolic rate on July 2, was plus 64. On 
July 15, the patient was slightly improved but mentally confused, and the basal 
metabolic rate was plus 25. Rest in bed and bromides were continued. On July 
22, her mental condition continued the same, the basal metabolic rate being plus 2 . 
An operation was advised, and she entered the Post-Graduate Hospital on July 2 , 
at which time she was 35 pounds (15.9 Kg.) underweight, her best weight beiHo 
127 pounds (57.6 Kg.), as against 93 (42.2 Kg.) on entering the hospital. She w^ 
irrational, and physical examination revealed a definite exophthalmic goiter, 
partial thyroidectomy was done on August 5. Convalescence was unevent u , an 
the patient was discharged from the hospital on August 14. 

The pathologic report was ; diffuse parenchymatous exophthalmic goi e 
(fig. 8). This case was one of typical adolescent goiter which was changed m 
an exophthalmic goiter by iodine medication. 

Case 2.— A nurse, aged 38, was first seen by me on Aug. 4, 1927; she 
twelve years previously she had been operated on for an adenoma o t e s 
of the thyroid. About one year after this operation she noticed a weeks 

right side of her neck. This had increased slightly in size, and about se\e 
before consulting me she had a gastro-intestinal upset from eating sea 

4. Hinton, J. William: The Interchangeable Types of Goiter, Am.J.Surg. 7- 
313 (Sept.) 1929. 
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that time she had lost 20 pounds (9 Kg.) in weight, and had palpitation of the 
heart and shortness of breath on going up stairs. Otherwise she felt well. Her 
menstrual periods had been scanty during the last few months. E.xamination 
revealed no evidence of exophthalmos in the right eye. The left eye had been 
enucleated following an accident at the age of 2 years. At the time of examina- 
tion there was a nodular mass involving the right lobe without a thrill, and the 
pulse rate was 108. A diagnosis of adenoma of the thyroid with hyperthyroidism 
was made. On August 4, the basal metabolic rate was plus 45. The patient 



was advised to enter the hospital for operation, which she did, and was operated 
on on August 22. She made an uneventful recovery, being discharged from the 
hospital on August 30. 

The pathologic report was hyperplastic e.xophthalmic goiter in a stage of reini'- 
sion at the time (fig. 91. This case was considered one of typical adenomatou' 
goiter with hyperthyroidism, and an exophthalmic goiter was not suspected until 
the pathologic report was received. 

C.\SE 3. — woman, aged 26, was nrst seen by me on Xov. 30, Io27, ciiinidaii’ine 
of a swelling in her neck which she had had for otte year, hriemis nr.-t :;ot''e '. 
a lump in the right side of her neck, but at that time si-.e iiad no symiitojji^ reii-r- 
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able to goiter. Occasionally sensations of pressure and choking were noticed, but 
otherwise she felt well. Examination gave negative results, with the exception of 
a definite mass involving the right lobe of the thyroid. The left lobe was normal. 
Her weight was 133~)4 pounds (60.4 Kg.), and her pulse rate 100. Diagnosis of 
adenoma of the thyroid was made. On Dec. 2, 1927, the basal metabolic rate was 
plus 3. The patient was informed that she had the t 3 'pc of goiter that could not 
be treated by medication, but as I had treated her sister for a colloid goiter with a 
satisfactory result, she demanded medication before submitting to an operation; 



Fig. 9. — Diffuse epithelial hyperplasia with high columnar epithelium, narrow 
lumen with infolding and with little colloid; active stage. 


hence she was given thyroid extract, 1 grain (0.065 Gm.) three times ai y. 
was next seen on Jan. 18, 1928, at which time her weight was 13 ^ , 

(62.2 Kg.) and her pulse rate 90. She had no complaints, but the con no 
her neck remained unchanged. She was given thyroid e.xtract, one- a g 
(0.32 mg.), three times daily. On March 21, she returned stating she a n 
and vomiting, had been bothered with diarrhea for two weeks and was 
to feel ill. She complained of nervousness and palpitation, and was losiUa 
Examination revealed an enlargement over the region of the thyroi wit i a ^ 
thrill over it, and a beginning exophthalmos. Diagnosis was tien 















I'-jf. 30 — I'il'ni'r ijiiilHli:)! IsvjKriiil.i'ia. .''•iinc slmw iKinow alveoli witli little colloid .and 

lii-.'h tjvtlirlid Iminv. ..ilirr-- i<‘!)!aiii iiiofli colloid; nnnicroii-. lyinpli follicles are seen in the stroma. 



Pifr. n. Diffuse epithelial hyperjdasia with infolding, in some areas more marked than in others. 

Lymph follicles arc seen in the stroma. 
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exophthalmic goiter. The patient was advised to enter tlie hospital for observa- 
tion and operation, which she did on March 22, 1928. On lilarch 26, the basal 
metabolic rate was plus 60. The weight was 105 pounds (47.6 Kg.) and the pulse 
rate was 160. The patient was operated on on April 2, and made an uneventful 
recovery. 

The pathologic report was exophtiialmic goiter in the stage of remission (fig. 
10). From the course of this case one can sec a nodular tj'pe of goiter changed 
clinically to an exophthalmic goiter by thyroid medication. 

Case 4.— A woman, aged 33, slated that in September, 1927, she consulted her 
physician for a swelling of her left ankle and a goiter. At that time she was 
found to have a phlebitis of tlie left ankle. On communicating with her physician. 
Dr. Felder, I found the patient had a colloid enlargement of her thyroid, without 
symptoms. She w'as not given any tlij'roid or iodine medication, but five months 
later, as her mother had died from an exophthalmic goiter, she consulted a thyroid 
specialist in New York, for she was ratlier conscious of the slight fulness in her 
neck. There w'ere no symptoms referable to tbe th 3 'roid at that time. On 
February 4, 1928, the basal metabolic rate was minus 1. The patient was 
informed that she had no thyroid disturbance, but was given a compound solution 
of iodine, 3 minims (0.18 cc.) three times a day. Three months later she had lost 
8 or 10 pounds (3.6 or 4.5 Kg.) in weight, her eyes were enlarged and she was 
nervous and quite irritable, and bothered with palpitation. • She consulted another 
physician who told her she had exophthalmic goiter. She was given 1 grain of 
mercuric iodide once a day and advised to have roentgen therapy. She received 
several treatments and showed improvement, but four months later, as she was not 
feeling entirely well, she consulted Dr. Carter, at which time her w'eight was 118 
pounds (53.5 Kg.), as against her best weight of 135 pounds (61.2 Kg.). On 
October 27, the basal metabolic rate was 3 below the average normal. I saw this 
patient in consultation with Dr. Carter on October 28, at which time there was 
definite evidence of enlargement of the thjToid with a thrill over it, and it was 
quite apparent that the patient was suffering from an exophthalmic goiter. 
Thyroidectomy was performed on November 5, by Dr. Carter. 

The pathologic diagnosis was exophthalmic goiter in the resting stage (fig. D)- 
In this case one sees a colloid goiter which was changed to the exophthalmic type 
by the administration of iodine. 

COMMENT 

When the normal picture is so variable and the clinical and patho 
logic pictures of different types of goiter are interchangeable, it 
one wonder if the past conception of the different types as clinica. 
entities was not wrong and the tj'^pes merely represented stages o a 
continuous disease, as maintained by Hertzler. If so, the treatment o 
goiters might be simplified, and instead of there being medical trea 
ment for one type and surgical treatment for another, the patient s lou 
first be treated medically, if after careful physical examination a 
metabolic studies there is no evidence of an encapsulated tumor,^ ijP ^ 
thyroidism or symptoms of pressure which constitute definite in ica lo 

for surgical intervention. 

125 East Seventy-Second Street. 
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ANDUiXVS, M.l>. 

AN'I> 

L!:o IIKDIXA 

I ni' Ai.o 

'1 he loiiJo oi infcclinii li> ilu- u.-illlilrKhltT h:i‘> hri'ii hy many 

ultscrM-r". .'ijvi ihirr ]niv>.ihU- v<ium-> dI* int’i’ctinii have lont^ been 
i(C<iuni/vti a^ likely. 'I’he well known faei that the hluod in haetereinia 
jiM'-'-i '- many orl^■lni^nl^ into jhe bile baa been n.''e(l by many (dj.-Jervers 
a^ an .avLjinnenl in favor of (be biliary orii;in of cboleey.‘'tili.s. Others 
are incbneii to f.avor tlu- bematoi;enon> theory. !ari,'ely on aeeonnt of 
the e.\]«eriment'- of Ko^eiiow ’ <in the eleetive localixation of certain 
•'train'' of ••nejitococei. More recently, the atndie.'' of (irabam* and bis 
ro-worker'- on the ab.'-orption of jlyev or particulate matter from the 
reL:i<in of the itallbkelder b:i'' lirouobl into prominence the ])ossibility 
of a c.arryin'.t of liacieria in the lymph to the j.;allbladder from the 
acli.'icent vi-cer.a, e'-peci.ally the liver. 

Ivt cent '•Indies on the bacteri.al Ibira of the normal liver have ,'ii,uiin 
sn'.:ue^ted the import.ance <if the latter route of infectif)n, i. e., by direct 
extension fr<'m the liver. lu ]’>()!>. Wolbacb and .Saiki described an 
anaerobic spore-fonnintt: bacillus as a common inhabitant of livers of 
normal <lott-. In 1927, I’er^, Zaw .and Joblinij ' confirmed these 
ob'-ervatioi)'-. .a1tb(*U'4b they found tlie ])ile uniformly sterile. More 
recently, ]-dlis and lJra*.,'stedt ' have shown that the death from aulolysis 
of the liver in vivo w.as due to infection of the implanted material 
with this bacillus, and that sterile implantc<l liver did not ju'oducc any 
toxemia in its autolysis, l-iewbrid^e '• showed that the so-called biliary 

* .SebniiUed for inililic.ation, Xov. 21. 19.^0. 

'' From tlic IDcarirlmcnt of Stir^tory. the I’nivcrsily of Cliicapo. 

1. Kosfiiow, F. C. : k'oc.'il Infection and the Localization of Bacteria, Snrg. 
Gynec. Ohsi. 33:19, 1921. 

2. Graham: Innammation Accompanied by Cliolccy.stitis, Siirg Gyncc. Obst. 
2C:521, 1918. 

.I. WoliiacI). .‘s. B., and .Saiki, Tadascc: A New Anaerobic Spore-Bearing 
Bacterium Commonly Present in the Liver of Ilealtby Dog.s, J. M. Re.searcli 21: 
267, 1909. 

A. Berg, B. X.: Zaw, Z. D., and Jobling, J. W. : Bactericidal Function of 
Liver, Proc. Soc. Fxper. Biol. & Med. 21:433, 1927. 

.T. Fllis, J. C., and Drag.stcdt, L. R. : Liver Aulolysis in Vivo, Arch. Surg. 
20:8 rjan.) 19.10. 

6. Rewbridge, A. G. : Etiological Role of Bacteria in Bile Peritonitis, Proc. 
Soc. Exper. Biol. & Med. 27:. 128, 1930. 
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peritonitis was clue to this organism, and that intraperitoneal injection 
of sterile bile or even of sterile pure bile salts was capable of producing 
an infection by this organism. We" also showed that implantation 
into the abdomen of normal animals of sterile liver or liver extract, 
if the material was finely divided, would provoke such an infection. 
Careful bacteriologic studies of this organism in our laboratory have 
shown that it is without a doubt the Welch bacillus (published else- 
where). It has been found in over 200 experiments in both dogs 
and other animals. Finally, we wish to refer to the experiments of 
Arnold ® in which he showed that under quite physiologic conditions 
of digestion there is a passage of bacteria through the intestinal wall 
so free that they may be found in the lymph of the thoracic duct in 
numbers as high as 1,000 per cubic millimeter. With this enormous 
seeding of the tissues with bacteria, which must occur daily, one assumes 
that it is but natural that the spore-bearers should be more resistant 
to destruction and that the}' should be the predominant element in the 
flora. The comparative richness of the flora of the liver is, of course, 
due to the fact that bacteria, being particulate matter, are taken up 
by the reticulo-endothelial system, which is so largely localized there. 

In the preparation of jaundiced dogs for some experimental studies 
on jaundice, it was observed that the mortality rate was high and out 
of proportion to the severity of the operation, and that in some cases 
frank cholecystitis had developed. This was especially noted in those 
dogs that had had the cystic duct ligated and the gallbladder emptied, 
as recommended by Rous and McMaster " in their preparation for 
biliary fistulas. Empyema of the gallbladder in one case and culture 
of B. zvelchii from another prompted the following series of experiments. 

EXPERIMENTAL WORK 

With these points in view, a series of twenty-five dogs were studied in which 
biliary stasis had been produced. Twelve dogs had a simple ligation of the cystic 
duct. In this series extreme care was used to avoid the cystic arterj'. This is 
much easier in dogs than in man, as the artery joins the gallbladder at a greate 
distance from the common duct. In five dogs the common duct was ligate nea^ 
the duodenum and in six both the common and the cystic duct were ligate . 
two, the common duct was ligated, and, in addition, bilateral nephrectom} 
performed in order to increase the intensity of the jaundice. 

7. Andrews, E., and Hrdina, L. : Liver Autob'sis in Vivo, Proc. Soc. Exper. 

Biol. & Med. 27:987, 1930. _ 

8. Arnold, L. : Alterations in the Endogenous Enteric Bacteria or 

Microbic Permeability of the Intestinal Wall, J. Hyg. 29:82, 1929. -Diets 

9. Rous, P., and McMaster, P. D. : Sterile Drainage of Intraabdonuna 
as Applied to the Common Duct, J. Exper. Med. 37:11, 1923. 
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'I'ltc^c <lo;:s wiTo K’illcd :it v.’irioii*. iiil<’i\als fioin twenty- four lionrs to two 
nnmth!:, the !iile niltivated, and hi>-tolof;ic exaiiiiiiations of tlie gallliladder made. 
Tile iloi:'- weie all Icilled hy elect! oeutioii. and the ciilttires were made at once in 
order to inlc out any jino-ihility of po'.tniortem contamination. In main* casc.s .sec- 
tilin'. of the li\er were made a-, well, anil in one .'•(•rie.‘. the gallhladder and adjacent 
liver lixed cn ma'.'.e .'■o as to get coiitinnons •.ection*. of the two. 

'rite ic .'-till.'; of the eiillitre.'^ are .‘.h(»\V)i in tile table. A.s a control 
lor thi'' work, the reader is r<‘t'erre<l to the iiajH'r hy I^ewbridj^e,'' who 

CiiltuiYs of />(7i' ill l>oijs 


Diirntloii of 

Oji't.’illoa K\I«'riiii<'iil 

I'lir" Wllti I'.llinry .S!:!*'!'' 


Culture 


X. 

1 <»f rNfUr 

IT liny: 

It. Melelill 

n 

I.ir.itii'ii <■( 

r\ ►tir «!tv! . , 

1 iiumtli 

niploeoecl 


l.lr.’i!!i‘:i 0 ! 

r) ‘•tir i\iu t . . . 

liny- 

n. welelill mill -treploror 


I !i-.i!!ii:i oj 

c\ *-t . . 


11. Metehll, -tri'ploeoecl 

n 

Ilf 

r\ •‘1 , . 

tt <!n>s 

mill .-tnpliyloeoccl 

It. mil 


1 ii{ 

r) i.t)r iliK 1 . . . 

:: 1 1 n > 

.StnpliyloenccI 


lit 

r\ ►l!r iliirl . . 

liny 

11. Melrlill 


l.ie.’i!!"!! 'll 

r\ . , 

fiT ilnyi: 

mplnrocel 

* 

I.lr.i!!"!! «•' 

r\ !r OtJrt 

I'l liny- 

Sterile 


l.ir!i!!<ei I't 

r\ ►tlr <lt:rl .... 

ilnyi- 

Sterile 



rujntiKHj , 

:i ilny.i 

Stnpliylorocel 

ir. 

i.ir.lUn!! ilJ 

1 iiimiion ituri . 

;! liny 

niploeoecl 

w. 

].)r!i(liin !>} 

|•|llmlKI!l lIlK 1 . 

:: liny. 

niploeoeel 

:4T 

l.!|'rt(lii!l 

r , 

:i liny 

Stnphyloi’ocei 

IV' 

Mr.'i!!iiii cif 

ril!llIIKi!l lIlK'I 

liny 

niploeoecl 


1 "} 

titi'l rv^tlr . 

1 liny*. 

It. welehll 

1 V 

l.H’ftUi'ii I't 

riiimmiti mill 1) "til- iliK !•• 

en liny- 

It. welehll mill illploeoeci 


I.ic.'llli'll <|( 

ritnl r\ h* <!t}( !*• . 

1 liny- 

It. welehll 

1- I 

l.icnllo!i oj 

rdiimiMii uthI r\>t ir 

'i liny- 

11. welelill 

’4 

l.ic.'iUim Ilf 

rijnl rv*‘t!»* •!»(•!•» . 

:! liny- 

n. welehll 

I) 

l.ieiiiiti!i Ilf 

fdjiiinoii {lint r.N'-lIt’ 

lU liny- 

IHploeoeel 


I.lflltlnn (if 

lidp*. Wlili No 3*nt!ioI(»rl<' 
ry-Hc Cnltun* Inlcm 

)J. ttelchll 


I.lriiilon of 

ryi-llc lied . . . 

"1 hour-' lifter 
oiieriitlon 
Cultiiro t liken 

Sterile 

f>-|7 

J.lt'iilioii of coiniiiOM iliirt mill MI«t<riiI 

IK Iilircrtoniy 

C! hour« nfter 
oiierntloii 

n ilny.s 

n. welclill 

0'.! 

I-ltiiilloii of ('oimiiiin iliii't mill lilIiitiTiil 
ni'iiliri'i'loiiiv 

2 ilny.i; 

n. wclehll 


showed that in onr l.ahoratorv at least the bile of normal clogs is uni- 
formly sterile, d'his agrees with the observations of most other investi- 
gators, althotigh exceptions have been noted. It depends, one may 
assume, on the conditions under which the dogs arc kept as well as 
on the technic of making the cultures. In the normal dog, the wall 
of the gallbladder is often found infected or at least containing organ- 
i.sm.s, but the bile is usually sterile. 

The results of the cultures in the different series may be summarized 
as follows : 

1. In the series in which the cystic duct was ligated, seven of the 
twelve dogs showed B. ivclchii, five cocci and colon bacilli and only 
two were sterile. 
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2. In the series in n-Jn'ch the common duct was Jigated all showed 
cocci, and in the tu'o in which double nephrectomy was added, B. 
teclcJiii. 

3. In the series in Avliicli botlj ducts were ligated, five of the six 
showed B. xvckJiii and tliree cocci, all having some infection. 

It is evident, therefore, that the presence of biliary stasis favors 
the prompt infection of the bile and that the predominant flora is 
that of the liver, the anaerobic type. 

The pathologic changes in these experiments are of great interest, 
as they revealed the fact that the resulting inflammation of the gall- 
ifladder which occurred in about two thirds of the cases was undoubtedly 
of he[)atic origin. In the early stages of the cholecystitis in a number 



Fig. 1. — Series of sections through fixed gallbladders showing unilateral thick 
ening of the walls. This discrepancy is even more marked in the fresh tissue. 
Hepatic surfaces are seen to the left. 


of the cases the inflammation was confined to the hepatic surface of 
the viscus while the peritoneal or free side was quite normal. In the 
later stages this infection extended all the way around the gallbladder. 
Some of such unilaterally inflamed gallbladders are shown in figuie 
These are all taken from material which has been run through fixatites 


so that considerable contraction has taken place and the dispoportion 
between the two sides is not as maidced as in the fresh speciniens. t 
is quite apparent, however, that the hepatic surfaces are very 
more thickened than the free surfaces. Figure 2 is a photogi ap r 
a fresh specimen in which the unilateral nature of the piocess is s 
more obvious. This phenomenon is much more maiked in . 
which the cystic duct has been ligated, but following ligation o 
common duct it can be seen to a lesser degree grossl} and is q 
evident microscopically. In the cases in which the common c uc 
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!i.L:;i!(-(! i!-- nn.'-cl is .'ilsn iiinix’ <l('lriy('(I, while in (thstniclioii of (in: 
e\'-lie duet it lu-i;iiis ;it uiice :m(l e;in h;'*-! he flcnioii.slratcd about the 
third day, allliottuh chtmiios rati he seen in twenty-foitr h<ttirs. 

l-d’enre d ilhi'-trates the appearanee un<Ier very low power niaij;niri- 
eation ot sueli :i speeiinen. The hepatie surface e:iu he seen to be 
about three times as thick te' the free side. 'The inllamuiation involve.s 
the outer eoat-- for the mo'^t part. 'I'lie nniscul.aris is lliickeiied to 
a mueh les'-er eNt<-nt. and llte muco.'-a is ne.arly normal. Ctn the jjeri- 
toneal si<le the mueo'-a i< normal, as is the mu'-eitlar coat, but there is 
a sli”ht thickeniui; of the seron-' layer. 

In :dl c.'O'i-'' it is evident that the mueoi-a is the hast of the coat.s 
l(i hi' involved. birrure -1 show> the mucosa uttder hii.dier power 
inaeniiie.ation : it i*- ijiiile free from inlillnition. although in the same 



h'l’e. — I’lidtofo-.-i])!! (if ;i fresh .specimen shnwinn thickcniiiK of tlie licpatic 
surface Imt nut of tlie peritoneal surface. Xote tlie nelalinons edema of the space 
heiween the ^.allliladder .'ind the liver. 

j;allblad(ier the ed.ife of the liver and tissues between the liver and 
gallbladder were edem.'itous :md innitnatecl with leukocytes. Even in 
the later stages the outer layers of epithelial cells tend to remain normal 
while there is a collection of round -cells and few'cr polymorphonuclears 
in the submucous follicles ( 5 ). d'his condition is nev'er extensive, 
and only a few such follicles w'ere found in our entire series; they are 
occasion, 'dly to be seen in the ^Gallbladders of normal dogs, although 
not (juite so e.xtensiv'ely as in the one here pictured. 

The earliest lesions to be found are in the margins of the liver 
adjacent to the gallbladder :ind in the space between the gallbladder 
and the liv'er. d'his space often becomes exceedingly edematous, and 
even grossly can be seen as a gelatinous layer 0.5 cm. thick. In this 
space bacteria were seen in many of our preparations. Cellular infiltra- 
tion of this tissue soon follows, as illustrated in figure 6. This may 




Fig. 3. — Hepatic surface i)clo\v. Note the unilateral tliickcning of tlie outer coats of the gah' 
bladder and the comparative freedom of the mucosa tlirce days after ligation of the cystic duct. 
Reduced from a magnification of x 17. 







Fig. 6. — Same as figure 4 showing dense infiltration of hepatic tissue adjacent to the gall- 
bladder and slight infiltration of the tissue between the liver and the gallbladder. Note the 
normal mucosa. Reduced from a magnification of X 130. 













Fig 7 — The hole in the center is the gallbladder. Note how the hepatic tissue 
is riddled with gas bubbles, X 4. 
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Fig. 10.— Section through muscular walls of the gallbladder four days after ligation of the 
common and cystic ducts ; X 300. Marked cellular infiltration of both round and polymorphonuclear 
leukocytes is seen. Reduced from a magnification of X 300. 
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be very dense, and often tiny abscesses are encountered. The infection 
of the adjacent liver may be extremely severe in time. Even multiple 
gas-filled abscesses may occur, as shown in figure 7. Examination of 
the walls of such abscesses show^s a dense polymorphonuclear infiltra- 
tion (figs. 8 and 9) wfith central necrosis and numerous Welch bacilli 
as w^ell as cocci in the tissues. The hepatic tissue proper is undergoing 
marked degeneration. Bile capillaries in the region appear to he con- 



Fig. 11. — Section two months after ligation of the cystic duct; X IS . 
the infiltration of the liver with leukocytes, and the marked edema of t e 
between the gallbladder and the liver with small abscess forming and lesser m 
tion of tbe wall of the gallbladder. Reduced from a magnification of X 

spicuously free from involvement in the inflammatory process, as 

other parts of the liver. . ^ 

Infection of the muscular walls of the gallbladder soon takes P 
This is manifested by edema (not so marked as in the areolar 
- between the gallbladder and liver) and infiltration of lound ce s. 
polymorphonuclear infiltration is less than in the liver itsel m 
cases (fig. 10). 
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As nlri-ady slatc-d, afUT lij^atiun of llic common duct these changes 
aie not so marked grossly, hut histologically they are quite evident. 
'I'hey also begin in the liver and not in the gallbladder. 

h'igure 1 1 gives ;i view of the entire process. 'J'he liver shows 
<legenerative ch;mge and :m invasion of leukocytes, d'he space between 
the g.allhladder an<l the liver is markedly edematous and contains a 
tlen^e localized clump of inflammatory tissue. Leukocytes arc also 
scattered through the edem.'itous are.a and arc beginning to infiltrate 
the muscukir coal of the g.allhladder. 

CO.M 

The fact that biliary stasis is a factor in the jiroduclion of chole- 
cystitis has been known for a long time. However, the extent and 
severity of the ticcompauying lesions have. I believe, never been called 
to attenlitin. Walsh :ind Ivy reported such changes in a recent paper 
hut gave no det.'iiled studies f)f them. 'J'he most important factor is 
the one here demonstrated that the infection makes it way into the 
gallbladder by direct extension from the liver, and in the early stages, 
es]K'cially, the chanicteristic flora is that of the liver. Many of the 
hacteritdogic studies that have been made can be criticized on the basis 
that special mediums were used in the search for streptococci, and that 
the anaerobic organisms h:ive not been sought. Ever since Rosenow’s 
reports on the localization of intravenously injected streptococci, these 
organisms h;ive received special attention. Williams and McLachlan 
have recoverefl them from many human cases hut could demonstrate 
no S])eciricity. 'Fhe ekahorate exjierinients of Wilkie on the produc- 
tion of experimental cholecy.stitis ignored all other organisms, although 
in rabbits, the anim.als they used, the livers contain an especially rich 
anaerobic flora. 

'J'he importance of anaerobes has recently been emphasized by 
Whitby and Gordon-'J'ro'lor.’’’ In an e.xtensive review of the literature 
it is shown that the occasional occurrence of B. luclchii in series of 
cultures of the gallbladder in cholecystitis is reported by many observers, 
although this observation seems usually to be considered as incidental. 
In their series, anaerobes were found in considerably higher peixentages 

10. W.'il.sl), E. L., .'iticl Iv 3 ', A. C. : Etiologj' of Gallstones, Ann. Int. Med. 
4:1.34, 1930. 

11. Williams, B., and ^fcLacIiIan, D. G. S. : Etiology of Cholecystitis, Lancet 
2:342, 190. 

12. Wilkie, A. L. : The Bacteriology of Cholecystitis, Brit. J. Surg. 15:450, 
1930. 

13. Whitby, L. E. H., and Gordon-Taylor, G. ; A Bacteriological Study of 
Fifty Cases of Cholecystitis, Brit. J, Surg. 18:78, 1930. 
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than that reported by previous observers, in 13 per cent of the gallstones 
and 9.5 per cent of the gallbladders. They emphasize the fact that it 
is in the acute fulminant or gangrenous gallbladder that B. ivelchii are 
encountered. The use of antiserum is recommended, and they recognize 
the proi^able hepatic origin of such types of cholecystitis, from the 
known anaerobic flora of that viscus. 

Since the publication of their paper, there have been five such cases 
in the Billings Hospital. The patients were so acutely ill and the 
sepsis so marked that it was not thought safe to wait for a remission. 
B. zudchil was found in three of the cases and in two of these the 
gallbladder rvas gangrenous. One died within twenty-four hours after 
the operation. 

The association of hepatitis with disease of the gallbladder has long 
been known. The localized hepatitis about an inflamed gallbladder often 
produces an apparent mass of hepatic tissue which overhangs the 
gallbladder, aird which on palpation may be mistaken for that organ. 
In the French literature this has received a special name, “languette 
hepatique.” The earlier work of Graham also emphasized the fact 
that the liver took part in infections of the gallbladder. Bits of hepatic 
tissue excised at operation show marked evidences of infection. The 
recent report b}^ Flint confirms these observations, and the latter 
believes that hepatitis is often the result of lesions in the abdomen 
other than in the gallbladder. 

Else’-'’ has recently given an admirable summary of the evidence 
that the gallbladder may be secondarily involved from the liver. He 
demonstrated experimentally the rapid absorption of particulate matter 
from the retrocholecystic space into the liver. Attention is called to 
the work of Meyer, Neilson and Feusier showing that enormous 
numbers of bacteria must be in the circulation to bring about a very 
high biliary content, and to Graham and Peterman’s experiments 
showing that usually not enough bacteria pass into a normal gall 
bladder to produce inflammation, but that stasis or injury to the wa 
of this organ is necessary. From the foregoing data. Else conclu e 
that hepatic cholec)'Stitis by direct extension is of frequent occutrence. 

14. Flint, E. R. ; Association Between Gallbladder Lesions and Hepatitis m the 

Human Subject, Brit. M. J. 1:1041, 1930. + d 

15. Else, J. E. : The Relationship of Hepatitis to Cholecystitis, Northwest i e . 

29:252, 1930. . , ^ 

16. Meyer, K. F. ; Neilson, N. M., and Feusier, M. L. : Mechanism o 

bladder Infections in Laboratory Animals, J. Infect. Dis. 28:456, 192 . _ 

17. Graham, E. A., and Peterman, M. G. : Further Obser\ations on jmp 
Origin of Cholecy^stitis, Arch, Surg. 4:23 (Jan.) 1922. 
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'J'he importance of the liver iti the defensive mechanism of the 
body against infection lias been emphasized by Heydd'’ After abdomi- 
nal operations, es]-)ecia]ly septic ones, he warns of the danger of infection 
of the liver with resulting disturbance of the chemical equilibrium of 
the body and dwells on the necessity of treating a patient with such 
a deiicicncy of the liver by proper chemical means. Mueller and 
]<ruett's e.xperiments on the intravenous injection of bacteria show 
that the reticulo-endothelial system of the liver is the most active agent 
in the fixation and destruction of circulating micro-organisms, and that 
other organs become infected only when they nre injured. Petersen 
and Mueller"" have shown that the elimination of bacteria from the 
blood stream is almost stopped after hepatectomy, while Jafle"^ has 
demonstrated that particulate matter also continues to circulate in the 
blood stream after hepatectomy, while it is eliminated in a few minutes 
by the normal animal. 

In this connection, the experiments of Badylkes and Strohow -- are 
of great interest. They showed that infection of the gallbladder in 
animals caused pylorospasm and hyperpcristalsis of the small intestines. 
The obstruction of the pylorus was at times almost complete. The 
conditions described must approximate accurately those produced by 
.Arnold and Brody in their experiments. They brought a loop of 
duodenum up under the skin, .<=0 that they could inject material into 
it or aspirate its contents. When the pn 8.0 and egg-white was 
in the duodenum, the lym])h from a fistula of the thoracic duct contained 
from 500 to 1,000 bacteria per cubic millimeter. Such an enormous 
feeding of bacteria into the circulation must act in such a manner 
as to keep the liver constantly seeded, especially as it can be shown 
to occur under conditions likely to obtain in infections of the gallbladder. 

The effect of anesthetics on the liver has long been known, especially 
the lipoid solvent group. Ijollman has recently reviewed this subject 

18. Hcj’d, C. : Hepatitis, Surp. Gyncc. OI)st. 39:66, 1924; Protective Role of 
the Liver in Abdominal Surgery, Am. J. Obst. & Gynec. 19:203, 1930. 

19. Mueller, E. F., and Bruett, H. : Significance of Liver in Natural Defense 
Against Infections, Muneben. mcd. Webnsebr. 76:2044, 1929. 

20. Petersen, W. F., and Mueller, E. F. ; Splanchnoperipheral Balance During 
Chill and Fever, Arch. Int. Med. 40:575 (Nov.) 1927. 

21. Jafle, R. H. : The Reticulo-Endotbelial System, Arch. Path. 4:45 (July) 
1927. 

22. Badylkes, S. O., and Strokow, F. Y. : Cholecystitis : Effect on Motor 
Functioning of Genito-Urinary Tract, Arch. f. Verdauungskr. 47 : 222, 1930. 

23. Arnold, L., and Brody, L. : Passage of Living Bacteria Through the 
Intestinal Wall, Proc. Soc. Exper. Biol. & Med. 25:247, 1928. 

24. Bollman, J. L. : Effect of Anesthetic Agents on the Liver. Proc. Staff 
Meet., Mayo Clin. 9:369 (Dec. 18) 1929. 
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and called attention to the fact that the liver as seen by the surgeon 
is generally low in glycogen, and that this increases the toxic effect 
of anesthetics. He advocated ethylene for operation in such cases. 
Higgins also called attention to the effect of trauma on the liver and 
found a marked cellular infiltration of the organ. Both of these factors, 
of course, have an evident bearing on our problem, and in view of the 
fact that bacteria tend to locate themselves in injured tissue, the 
importance of such factors in the production of disease of the gall- 
bladder and on the postoperative course in operations on the gallbladder, 
which involves a field with such a rich flora, may be very great. The 
recent report of Miller,-® who advocated operation in many cases of 
cholecystitis in which most surgeons would attempt medical treatment, 
seems justified in view of our experimental and clinical observations, 
as in such severe infections due to B. ivclcJiii immediate drainage is 
surely indicated if the condition can be differentiated from the other 
more mild types. 

CONCLUSIONS 

1. In biliary stasis the gallbladder of the dog promptly becomes 
infected with the characteristic anaerobic flora of the liver. 

2. Pathologic studies at various stages show that this infection 
occurs by direct extension from the liver. 

3. The fulminant type of human cholecystitis is often caused by 
the Welch bacillus from the liver. 

25. Higgins, G. M. : Reaction of the Liver to Trauma, Proc. Staff Meet., 
Mayo Clin. 5:88 (March 29) 1930. 

26. Miller, R. H. : Acute Cholecystitis, Ann. Surg. 92:644. 1930. 



FIBROCARTILAGINOUS TUMORS OF TFIE BONE* 


CHARLES F. GESCHICKTER, AI.D. 

KAI.TlMOUi: 

'J'hc derivation of tissues from more rudimentary antecedents, which 
is the normal method of achieving adult structures in the human body, 
constitutes a major source for tumor pathology, since it is in such devel- 
opmental steps that most neoplasms arise. The structure of the tumor 
often reveals this fact by a cycle of changes similar in form and sequence 
to the succesive stages of normal growth in the portion of the body 
where it arises. 

This is well illustrated by the relation of certain tumors of the bone 
to the evolution and embryologic development of the skeleton. In its 
jjrimitive form the early vertebrate spine (notochord) is membranous, 
composed of a cellular connective tissue which is distended with fluid to 
render this structure resistant to pressure. Later, the notochord becomes 
cartilaginous, to be replaced in higher forms by a vertebral column and 
skeleton comi^osed nearly entirely of bone (Darwin.^ Lull -). This tran- 
sition from connective tissue to cartilage to bone in vertebrate evolution 
also represents the method by which the human skeleton is formed in 
the embryo ; in addition, this same transition or series of developmental 
steps is seen in the majority of benign and malignant tumors of bone 
which are here designated as tumors of the fibrocartilaginous group 

(fig. 1). 

Tn the present study, over 500 tumors of the skeleton included in 
this grouping arc analyzed, and in their histogenesis it will be shown 
that these growths repeat, in a concise way, both the evolutionary 
development and the embryology of this type of tissue. These tumors 
include the osteochondromas or benign exostoses, the chondromas or 
chondromyxomas and the chondromyxosarcomas, the latter being a form 
of osteogenic sarcoma containing cartilage. Taken broadly, these three 
groups of lesions represent different stages of the same pathologic pro- 
cess and may be graded from the more primitive and malignant to the 
more highly differentiated and benign — the most primitive, the chondro- 
myxosarcoma, being malignant, the chondromas being potentially malig- 

* Submitted for publication. Sept. 25, 1930. 

* Illustrations by Mr. Herman Schapiro. 

* From the Surgical Pathological Laboratory, Johns Hopkins Hospital and 
University. 

1. Darwin, C. ; Origin of the Species, ed. 1, London, J. Murray, 1859. 

2. Lull, R. S. : Organic Evolution, New York, The Macmillan Company, 
1927, p. 460.' 
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nanl in their recurrent form and the osteochondromas being essentially 
benign. Histologically also, there is no sharp dividing line between 
these three forms of neoplasms, since the basic tissues comprising tbem, 
connective tissue, cartilage and bone, are present in varying amounts in 
all of these growths. 

OSTEOCHONDROMAS 

The osteochondromas, or exostoses, are benign tumors, usually 
occurring in persons between the ages of 10 and 25 years near the end 
of the long bones and forming bon}' skeletal outgrowths with a thin 
cartilaginous cap. 'I'he symptoms are generally mild and of long dura- 
tion, averaging over five years. The roentgenogram of the involved 
bone gives a typical picture in which the characteristic features are a 
base or pedicle, springing directly from the cortex of the underlying 
bone without an intervening zone of abnormal osseous tissue and with 
an overlying expanding cap composed of cartilage undergoing calcifica- 
tion or ossification. IMicroscoi^ic examination of the e.xcised tumor 
reveals normal laminated bone beneath a transitional zone of calcifying 
cartilage which is overlayed by a thin strand of fibrous tissue. Histo- 
genetically, it will be shown, these tumors are an exaggeration of a 
normal bony protuberance intended for the anchoring of an important 
tendon. , 

CLINICAL FEATURES ' I 

While the roentgenogram and the microscopic section of an osteo- 
chondroma usually present fairly uniform changes, many of the clinical 
features of this lesion arc notably variable. This type of skeletal out- 
growth which is generally contiguous with the bone, but which rarely 
may be entirely separated from it and embedded in the substance of a 
tendon or of a soft part structure, is associated with many different 
etiologic factors. Some of these tumors are undoubtedly congenital; 
in addition, there is a distinct familial history. Cases in which several 
members of the same family in one or more generations are affected 
by multiple outgrowths of the exostosis type are by no means rare 
(Ehrenfried ®). At the opposite extreme, development of a type of 
tumor identical in histologic structure with such congenital exostoses 
may take place in adult life as the result of chronic infection, the cal- 
caneal spurs in chronic gonorrheal arthritis being a common example. 

This variability of etiologic factors is reflected in the age incidence 
of the disease, for while osteochondromas are essentially a neoplasm 
of the early decades with the peak of the curve of age incidence between 
10 and 20 years, about 30 per cent are observed in patients over 30 

3. Ehrenfried, A. : Hereditary Deforming Chondrodysplasia ; Multiple Car- 
tilaginous Exostoses : A Review of the American Literature and Report of Twelve 
Cases, J. A. M. A. 68:502 (Feb. 17) 1917. 
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years of age (fig. 2) . Those exostoses in patients under 30 are either con- 
genital or traumatic and rarely infectious (due to gonorrhea contracted 
during the postadolescent period). After the age of 30, infection plays 
a greater role in the onset of the growth, the various types of chronic 
arthritis being responsible for a definite group of these tumors occurring 
in adults. The types of exostoses occurring early in life, congenitally or 
traumatically, also may be recorded in patients well over 30, since the 
absence of symjotoms often permits a latent period of over twenty-five 
to forty years. This tendency'^ of osteochondromas to remain latent or 



Fig. 2.— Chart showing the age incidence of benign osteochondromas, or 


exostoses. 

evade clinical observation is shown by the fact that although -5 p^^ 
cent of these lesions apparently date from birth, only 6 pc’- 
observed clinically in patients less than 10 years of age. ^ 

Figure 3 shows the skeletal distribution of these exostoses, 
ing the distribution of these tumors, it was found that near y 
many males were affected as females and that whites pre 
only 16 colored patients being present in this series of 262 
one third of the tumors occurred about the knee joint in t ie 
of the femur or upper end of the tibia. The majority o t le r 
tumors were located at the ends of the long bones o t le 
shoulder, the hip or the eIbo■H^ The other sites of importa 
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region of the jaw and skuil and the small bones of the foot or hand. 
It must he borne in mind, however, that tumors of the skull and jaws 
often grou]?ed under exostoses arc. projicrly speaking, osteomas, I’epre- 
senting a different type of ossification in fibrous tissue, and that some 
of the tumors of the small bones of the hand and feet either fall into 
this category or arc related to aberrant sesamoid bones. 

The .striking feature of the skeletal distribution of osteochondromas 
is their ])criarticular location and their relation to sites of tendinous 



Fig. 3. — Incidence of osteochondroma according to skeletal location. The 
solid black areas indicate the most frequent sites; the checked areas, the common 
sites; the diagonal lines, the occasional or rare locations. 

attachments. These tendons are generally those involved in regions of 
maximal traction, being at the ends of such muscles as the adductor 
magnus and quadriceps femoris in the thigh and the gastrocnemius and 
soleus at their convergence in the Achilles tendon. A further pecu- 
liarity of these sites is the fact that the tendons attach not to the perios- 
teum but directly to the bone; 

The average duration of symptoms for the cases of osteochondroma 
listed in table 1 is sixty-one months, or slightly over five years. This 



Table 1. — Benign Osteochondromas ( Exostoses ) 
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Table 1. — Benign Osteochondromas (Exostoses) — Continued 


■Sc 

o g 
i2E 
Sc 

SS 




0 

0 3 2 

3 

2 

, 


£0 ^ 

*st 

is 

E 

33 

3 

«.-£ 0 

0 

Oi 

0*3 U 

to 

toff to 

to 

to 

0 2 x» 


3 ff • V* 

M 

u 

tt 

3 

.5 0 »-< 3 

3 

3 

s 

iC 

.X 

c: 



01 

tf. 

•5£s" 

01 

i/. 

OJ 

1/. 


Q 

0 

P 

P 

0 :S 


• Cl 

. t£ 


U 

>» 


P P 





..4 




c c 

E S is 


tl 


c 3 

333 


*£■ in 

0 g. 

CJ vO 

3 3 

c s 
0 0 

s|§i 

°= 

sisal 

cS CX3 c 

0 

0 

I/J c 

.3X5 

— ‘p *j 

a tS .C *4 3 

a 

0 3 

in m 

m ^ in *"• 

m t in t ir 

cn 

"6 

3 3 

00 

3 3 C 

0 " 0 " 

|g||| 

0 


*3 *3 

— 4J 

3*3 373 

*3*3 'o'P *3 e 

*3 


3 3 

c c 

^P3 3 — 

C ^ 

3^ 3a ti Q 

0 

c 


3 3 

cs c e c 

3333 3a 

s; 


00 

0 0 

000 

0 


u 
n c 


o 

c 

o 

.Q 


a 

o 

,0 


c c c 
000 
^ 

in in in o in cc 

3 S 3 tC 2 tl S 

ogScS^oso 

CJ^w c'3 c;4J 04-» t> 
ClCClCClMClf^C) 

Cci3ciCc3Ce3C 

«■*- c; ♦-» c: o 5- cj e; 

O O 


» c: « ta cj e; 

000 


in — 

. 

CJ o > 

..S3 

S gS 
S5s 

3 3 u 
tJ 5 in 

P 5 


C 

o 

A 

w 

Cl 3 
3 O 

o 3 : 


O 


.CJ 
• ir 

:o 


Q !.« 


;e 5g 

: 0 03 

.X5 . 

r 03 03 i; r 

:ocio"’= 

* (y3 o 

, cj C 

. c o c>>q 

:o Q • 


o o 

liwt 

CiCi 


i-: 


cs 2.3 5y 

Cl kS ^ 


SkS 

3 3 
CO 
*tn in 
U Cl 

X X 

KW 


.3 o 


c 

c 

c 

c 

a 

3 

1 .. 

c • c 


.2 

0 

0 


0 

0 : 0 

s 



cn 

iG 

a 

.2 • jn 

3 

3 

3 

3 

3 

3 

3 I 3 

X 

X 

X 

X 

X 

0 

X • X 

W 

K 

u; 

W 

W 


« :;a 


3 

o 


>» 

a 


.2 

E 


.3 

3 

E 

> 

o 

3 

O 


3> ^ 
3 O 
U 3 
tC 3 
O u 
C C! 
o « 
tc o. 
Q> 

c< 

c ^ 

o 

K 


3 

3 

O 

CS 


i.2 

.S o 

o 


.E'C 

*5.3 

52 


CJ a 
X ^ 
W 


. 5 3 « 

in 

: S « s i? 

. 3—* ® 3 

« U 3 ^ C- 

• tS .2 ^ 

t-so^SS 

• 3 o 3 tn 5 

:l§ig| 

• X “ n 3 

:w o 


w tn 00 

*0 o *S S 

x*-* x*-* 
« W 


3 


cn 


^ e <^3 
S 5 o 
X 

2 

^ 5 w 

fc 4 ® •-» 

o 

O P 


o 

X 

Cl 

'C 

3 

o 


a p 


00 coo 

1^ rH 

00 * 

th ^ 
^ ^ ^ 
3 3k2 

3 PC 

000 

a'lo'm 

*S’5 o 
X X X 
WWW 


-z: W 

yO 

X'-' 

w 


o 

X 

Gl 

*0 

rt 

o 


3 

fc: 


u. 


3 

>» 

CO 


3 

*3 

3. 

gl 

3 'M 
s c; 

3^ 

&h£ 


i§5 


Cl 

eu 

O. 

Cl 

C 


O 

E 

3 


.3 

.5? 

'C 


.E 

’3 

P 


o 

E 

3 


o 

H ^ 

p in 2 
3 Kl 

53 o 

■“£ a 


Ai 


tfi 

3 


3 

O 

a 

*3 

P 


® 2 
EE 
3 3 


0 ^ 

1 « 

3 -.s 

3 ^ 

* »• 5» 3 

O ^ X p, 
3-r 


V P.22 

3 P*— 


3 

0^3 

O P 


O 

E 

3 


o , 

3 ^ 

.e§£ 

5^2, 

3- . . 0? 

S b!5 ^ 

— O^Ji 
Tl’-u 3 pi 
3 O 2 B 

— 3-^ S 
c3 3 M 3 

Pi 


c 

0 

‘■5 

s ^ 

gwO 

S o g 

3 C 3 

.S'" 

“■53 

5"§° 

"526 

gigs 


.S 53 

Ig^ 

6i§ 

(ii 0 


'P Pi 
.P. 

CO o 

P . . w 

I a.gE.yi3 

3 O ^ 01 ^ CO 

Wp p < 


E w 52 

E w ^ 
>- Cl K, 
o to 

“ .0 c 

3 ^C3 


3 

rt 


to 

O »- 

- c 5 o a 

2 JH Q. 


35 

3 


" 1 g Q.'^ S S-5 P. 

Isgi:|.a|s=i 

** W S SB 


3 cn 

34^2 
.2 0 3 
>. O <5^ 
3**-' in 

^ o 


01 

3 

C 

CG 


— a 

d 3 
S . 

3 txi J5 

^|S 

fM 




C 

to 


Cl 

p 
3 

E 

- ... 01 
P 


f-i 005 
-P^ 
Cl >4 tT 

o 2 3 
E £ 

pqWW 


Age 

m 0 
10 m 

10 

b* 

0 

rH 

C?5 

’.sjl 

..4 

CO 

rH 

■.f 

Cl CM 
rH rH 

a 

rH 

CM 

CO 

-14 

CM 

0 

CO 

rH 

31 

»3 

T»1 


0 

rH 


3 

31 

kH 

Sex 

PP 


P 



r3 

P 

»-( 


P 

w, 

<1 

P 

W.04 

(«!5 



P 

rH 

gfiifii 

xs 

3 

3 

3 



6: 





> 




> 



■? 


? 


?: 

logic 

No. li 

KS 

SS 

CM 

26097 

cTi 

13 

0 

<0 

CM 

13 

0 

a 

13 

CM 

CM 

13 

CO 

13 

CM 

C>7 

0 

CO 

13 

C<1 

* 

O'! 

CO 

13 

CM 

25128 

if 

C512; 

T ^ 
CM <M 

O'! 

31 

".I* 

31 

24014 

CO 

0 

0 

tT 

CM 

<0 

CO 

CO 

CO 

(M 

lO 

CO 

00 

CO 

Cl 

r- 

0 

1— 

CO 

31 

s 

lO 

CO 

31 

CO 

00 

co 

CO 

31 

g?gs 

C-l 31 M 

i 

cl 



M 73 »d 

O Q> QJ 

bO bo 
o b O 


fl C w ^ 
O O 

" :w 2 7 

in a ^ 


":w. 2 c 3 'cSs£ be 
wg-ta^Sg-go, .u 
'gc.S>>gs^-Si>>-3 

go-go go 


C2 rS 
.5 73 »-i 

c3 rt c3 

O ^ cj 

=§§§! 

o ^ ^ ^ 
73 5 o'rt 
o O s u 
«C73 

•3gsl 

o o 


.-4 ^ 

73 oip 


G 

73 

-eg 

G-^ « 

0,2 CJ 

c5 

rt S 

« G .. 

“ a •- 

, , 

.^O 

o 


« 

CJ V< o 

G 2 c 

G-ci G 

G 

G >s C 

o 0 o 

O H O 

O 

O G O 

•“5-° 

.0^9.0 


.O 


E373St£3t0pti)ptflptilP 

0C30C;0C30C30C30 


^4^ C> -1^ O -*-3 C^ 
J J-( U M CJ M Cl 

3 c3 a rt c3 cs G 

: es « « c3 


4J U 4^ U 
M U M U 
c3 fl rt C 
w c: V rt 

O O 


a fl 

o o 

05 o to 0 > 
p ba J3 bo 

O C3 O c 

'3!3'o^ 

C) t-i O M 
a C3 c C3 
rt c> c3 

O Q 


3 G p bo p 
O 

*3 bo'S^'o 

o C3 fiJ J-* O 

CI33 fl C3 G 
C3 

O P o 


G G D G S 
73 73 73 rp 73 


o o o o o 

G G G G G 

O O O O O 

^ ^ ^ ^ 

03OC0C3cQ«W«C0O 

GtDGtJ3Gt£GtaGta 

0G0«0G0c50:5 

C)^uMc;(-ic>tHC)(-< 

Gc 3 GGgGG«GG 

cSWcS'^rtVc-OcSt? 

O O Q O Q 


]m ^ [w ^ 

'3 o ‘5 ° 

1-^ k o 

w H J2; 


G G G 
o o o 

*w ^ *M 

*0 C5 ‘S Ci '3 
WWW 


> G G G I 

3 .2 .2 .2 .: 

^ [w ’Eo Jf5 w 35 > 

5 'o '3 ’3 ^ 'i 

5WW W P 


CO to to o 


o O 

o I 

E 2-2 

Si-s E 


§ E^.B 

O g O IS 
O fit R 


Cl C< t-< 

O O O O 

3EEE 


Cl C 
S rt ® 
P o S- 

= il° 

g *^0 t;* 

S -o" f= 
B £ g B 

a « o 

WWW 


G^ir^ 

Cl 3^ Cl 

C S'^ 

G G <y 
G«l-I G 05 

S o 


gGg 

Iji ^ to pie g: O 

^ O 02 WW 


<; W^^W W 


> > >>>: 


^ »■: 1*5 »>- 

li: o coi o CO o 

I— ts * . m re o 

tf> W COCTJl-l- 


O C3 ■— w O t£. CC 

C5 cc. ri ce ri 

O O — -- Cl TJ 


Table 1 . — Benign Osteochondromas (Exostoses) — Continued 
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duration of symptoms corresponds closely to the average time of four 
and one-half years comi)Utcd by IMcyerding ' in a study of 232 cases 
reported from the iMayo Clinic. This protracted course bespeaks 
benignity, for in this condition, as in most neoplasms, the longer 
the duration of symptoms the greater the curability of the disease. 

The benign course of these lesions is further reflected in the char- 
acter of the symptomatology. Pain is rarely severe, and when other 
than a mild ache or discomfort is present there is usually some com- 
plicating factor. Such complicating factors may take the form of 
bursitis or infection from irritation in the overlying soft parts, or 
repeated trauma may bring on such a condition in a region where 
swelling interferes with the use of the affected member. 

j\Iore rarely, acute S3’mptoms may follow a sudden increase in the 
rate of growth in the tumor. Compression of important vessels may 
cause edema and pain and bring the patient under observation. When 
such acute symptoms can be attributed to an increased growth rate in 
the tumor, malignant change is always to be suspected. It is a common 
and justifiable habit of clinicians to be influenced in favor of making 
the diagnosis of a benign condition when the history of the tumor 
extends over a number of years, as it does in most cases of exostose.s. 
It is therefore important to call attention here to the fact that despite 
the duration of the disease, malignant change marked by exacerbation m 
the symptomatology^ may take place at any time in these lesions, and m 
such cases the most important evidence is the growth rate in the tumor 
and not the duration of the disease. In making a diagnosis of malig 
nancy, it is helpful to know that the malignant change is most frequent 
after the age of 30 and that care must be taken to rule out an acut 
bursitis or inflammation in the overlying soft parts. 

The location of the lesion is an important factor in leading to 
discovery'^, although tumors in any'^ area may be accidentally di^ °^gj.oses 
a roentgenographic examination made for other reasons.^ xo ^ 
occurring about the pelvis are particularly prone to exist wit ou g 

anyT- clues to their presence. . jg 

Stiffness in the adjacent joint after prolonged use o tie 
not an infrequent synnptom. Apparently the stiffness or imp 
brought on through irritation by'^ the bony tumor to the over y 
ments and tendons during the use of the limb. Rest of the a 

brings early relief from these symptoms. _ produc- 

Physical examination of the patient with exostosis is usua 
tive of only local observations. In only two instances in t 
there a positive Wassermann reaction or definite percentage 

the blood and urine were uniformly negative. In a e n 

4. Meyerding, H. W. : Exostosis, Radiology 8.28- ( P ' ) 



GESCHICKI'ER— FIBROCARTILAGINOUS TUMORS OF BONE 231 


of the cases in which some systemic or hereditary factor is operative the 
lesions may be multiple. Arthritis associated with gonorrheal infection 
may be a determining factor in such instances.® A familial disease 
known as hereditary deforming chondrodysplasia may be responsible. This 
last group of hereditary multiple exostoses is discussed subsequently. 

Local examination of the tumor reveals a firm swelling securely 
attached to the underlying bone. There is little or no tenderness to be 



Fig. 4 (P. N. 35720). — Roentgenogram showing a typical eXostosis in the 
upper end of the tibia near the insertion of the quadriceps tendon. The out- 
growth is continuous with the normal bone beneath and a distinct bursa overlies 
the exostosis. The presence of a calcareous bursitis makes this complication 
clearly visible. 

made out on deep pressure. The soft parts overlying the tumor are 
most often freely movable unless there has been undue irritation with 

5. While the osteophj’tes common to hypertrophic arthritis are not included 
in this study, selected cases of calcaneal spurs in gonorrheal arthritis (in which 
the microscopic changes were indistinguishable from osteochondromas) have been 
included to emphasize the point that the tissue of origin, and not the etiologic 
agent is the determining factor in all of these neoplasms. 
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inflammation. At times the mass will feel much larger than might be 
expected from its size in the x-ra}' film. If the bulk of this mass is 
firm and rubbery, a large proportion of cartilaginous tissue that is 
invisible in the roentgenogratn will be found. If fluctuation is obtained, 
an overI}-ing bursa containing fluid may be responsible, this bursa being 
occasionally visualized in the roentgenogram (fig. 4) when there are 
calcareous deposits in the .synovial fluid of the sac. 



Fig. 5 (P. N. 39602).— Exostosis of the pedicle type at the 
adductor tubercle in the lower end of the femur. Note the widene me 
region near the outgrowth and the extension of the pedicle m ^ ^ 
of the pull of the adductor magnus muscle. The osseous portion o ^ 
is continuous with the underlying normal bone, and the neop as ic 
cap is well outlined by calcification. 

ROENTGENOGRAPHIC FEATURES ^ ^ 

The roentgenographic appearance of an exostosis is 
its mode of attachment to the underlying bone and the under- 

acter of its overlying cartilaginous cap. If the attachment to 
lying bone is by means of a tapering pedicle, the exostosi 
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referred to as the pedicle type (fig. 5). If the attachment to the bone 
is represented by a broad area which merges imperceptibly into the shaft 
of the bone, the exostosis is generally referred to as the broad base type 
(fig. 6). Occasionally, the exostosis may be attached to the underlying 
bone by an extremely narrow pedicle, or one which has become fractured 
and resorbed so that no apparent bony connection is visible in the roent- 
genogram. This however, is the exception. 



Fig. 6 (P. N. 42142). — The roentgenographic appearance of the broad base 
type of exostosis. In this case there is a bulging of normal bone over a wide 
area at what is normally the site of the tibial tuberosity. There is little calcifi- 
cation in the thin overlying cartilaginous cap. 


The structure of the pedicle or base of the exostosis is one of its 
characteristic roentgenographic features. This bon}- attachment is 
composed of bone differentiated into cancellous and cortical zones, and 
these zones are both merged imperceptibly with the normal cortical and 
medullary portions of the hone beneath. There is much histologic evi- 
dence to indicate that the entire pedicle or base of the exostosis is not 
of true tumor origin but represents an outpouring of normal os-ieous 
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tissue through a gap in tlic overlying i^eriosteuin. The most important 
feature therefore in the roentgenograjjhic appearance of the exostosis 
when differentiating it from sarcoma is not the bony attachment but 
the neoplastic cartilaginous cap. 

This cartilaginous cap of the exostosis may vary from a small, 
nearly invisible overlying zone (lig. 6) to a large calcifying cauliflower 
mass (fig. 7). If this cartilaginous mass is small or if it is definitely 
or faintly outlined with calcified material, there need be no hesitancy 
in making the diagnosis of a benign lesion. When, however, the car- 



Fig. 7 (P. N. 39064).— Osteochondroma at the lesser trochanter of 
end of the femur in which the neoplastic cartilaginous cap predominates m 
form of a calcif}ang cauliflower mass. Although this growth bulges into t 
parts in man}-^ directions, the absence of bone destruction in the un 
tuberosit 3 ' and in the base of the exostosis indicates a benign lesion. ns p 
should be compared to figure 8. 

tilaginous mass is large and ill defined on its outward mat gin and t 
its calcified areas are being resorbed and present a granular , 

and when, in addition, these more translucent zones are secon 
invading the bony^ base or pedicle, malignancy'^ is to be suspec e 

the symptomatology is to be carefulty checked (fig- 8). exostosis 

In addition to the roentgenographic appearance of t e 
itself, it is alway'^s useful to examine the adjacent metaphysea & 
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the involved bone. A wide metaphyseal zone as pointed out by Jansen 
is typical of fully developed or mild degrees of hereditary chondro- 
dysplasia, a diffuse disease of the skeleton with which benign, single or 
multiple exostoses are often associated. 

Exostoses occurring on the shaft side of the long bones, particularly 
in the region of the thigh or elbow, must be differentiated in the roent- 
genogram from myositis ossificans traumatica. In ossifying myositis, 
the ossifying mass has often no attachment to, and is not continuous 



Fig. 8 (P. N. 37868). — Osteochondroma at the greater trochanter of the upper 
end of the femur which has undergone secondary malignant change. Note the 
granular and haz}" outward margin of the calcified cartilaginous cap and the bone 
destruction mottling the area of the femur just below the trochanters. The 
patient was a white man, aged 29, who died eight years after the first symptoms 
with metastases. The roentgenogram was taken three months before death. 
Compare with figure 7. 

with, the underlying bone. It presents a typical parallel laminated 
appearance and lacks the characteristic cartilaginous cap so often seen 

6. Jansen, Itl. : Dissociation of Bone Growth (Exostoses and Enchondromata) 
or Ollier’s Dyschondroplasia and Associated Phenomena. The Robert Tones Birth- 
day Volume, 43-72, Oxford University Press. London. 1928. 
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in benign exostosis (fig. 9). The definite history of trauma followed 
in about six weeks by a hard mass of stationary size typical of myositis 
ossificans traumatica is an important clinical distinction. 


GROSS PATTIOLOGY 

At operation or after excision, an exostosis has the appearance of a 
firm lobulated tumor overlaid by a smooth and glistening fibrous surface 
(fig. 10). If the tumor is cut into, the shiny surface is readily seen 



Fig. 9 (P N. 36014).— Roentgenogram in a case of 
traumatica. The ossifying mass is separated from the sha t o e ^ definite 
bone at the upper and lower portions by a slight interval. ere i gjj.gg]^ed 
outward margin to the growth and the densest part of the s a became 

in a direction parallel to the underlying shaft. This growti su seq 


malignant and the patient died with metastases. 


to be composed of two layers, one a thin fibrous 2 one. 

ing 1 mm. in thickness, and the other a translucent cat ti a^,!! 
generally less than 1 cm. in thickness. Beneath these two 
bulk of the tumor mass, wdiich is composed of cancellous js 

The relatiAm proportions of cartilage and bone in the usua 
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subject to variation. While it is true that the cartilage composes only 
a thin cap in most of the tumors, still in other growths this more primi- 
tive type of tissue may constitute so much of the bulk that these tumors 
have been described as periosteal chondromas. The greater the per- 
centage of cartilage in the tumor, the more frequently it is composed of 
knotty /masses or definite lobules (fig. 11). 

The relationship of the muscular attachments entering the tumor 
areas are most significant. The tendon ends are often blended imper- 



Fig. 10 (P. N. 40040). — Outward appearance and sectioned surface of an 
excised exostosis. On the outward surface is seen the glistening membrane to 
which fibers of the tendon have been attached at nodular points. On the cut 
surface, the thickness of the cartilaginous portion overlying the cancellous bone 
is plain!} visible. 

ceptibly with the thin fibrous membrane which overlays the cartilagin- 
ous cap. Even under the microscope, this merging of the tendon with 
the tumor capsule can be seen (fig. 12), and on this relationship hinges 
largely the conception of the histogenesis of these tumors. 

Since under the microscope these growths can be shown to be arising 
from stiands of fibrous tissue, it becomes exceedingly important to 
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determine the source of this connective tissue and to know whether 
it springs from tendon, periosteum or aberrant islands of the joint 
capsule. In the present study, specimens removed at operation were dis- 
sected and sections cut from the various margins or zones to determine 
this relationship of connective tissue to the tumor proper. Two types 
of fibrous tissue were found in the capsule of the growth. The first 
was intimately associated with the cartilaginous portions of the tumor, 
but outwardly infiltrated into the soft parts to become lost in the ten- 
dons of the adjacent muscles. The other was also associated with car- 
tilage formation, but its margin extended along the normal bone and 
merged into the periosteum. In other words, the cartilaginous portion 
of the tumor seemed to he united hy^ connective tissue to bone on the 



Fig. 11 (P. N. 26392) .—Gross specimen showing the nodular and lobulated 
cartilaginous portions in an exostosis in the upper end of a fibula in a w u e 
aged 14. A cure was effected by resection. 


one hand and to the tendon ends on the other. From this anays 
was logical to conclude that these exostoses represented an abnorm^^^^,^ 
in a tissue of union interposed between tendon and bone. Under n 
circumstances, this tissue of union is most often a bony protu 
or tubercle provided for the attachment or insertion of an imp 

muscle. _ ^'lasin- 

Notwithstanding this interpretation, the way in which the ca^ 

ous and membranous tissues overlay the bony portion o t 
chondroma in the gross specimen suggests strongly 
represent an abnormal articulating surface of bone. sniooth. 

contours of the external surface of the tumor aie covere 
glistening laj'^er of cartilage wdiich is analogous to the 




Fig. 12.— Microscopic studies showing the relationship of a benign exostosis to an adjacent tendon. 
A show.s a low magnification of an exostosis with a piece of overlying tendon partially encircling the 
cartilaginous cap. The tendon is seen in the upper left hand corner, and beneath the cartilaginous 
rim IS a large area of cancellous bone enclosing fatty bone-marrow. B shows a higher magnification 
taken from the area marked in A. The cellular primitive connective tissue embedded in the tendon is 
Giving rise to cartilage on the one hand and to membranous bone on the other. 
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cartilage at the end of a long bone, and this outward layer of chondral 
substance is in turn surmounted by a thin transparent fibrous membrane 
which duplicates in many respects the perichondrium overlaying the 
normal articular cartilage (fig. 13). The coi’e of the tumor is com- 
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Fig. 14 (P. N. 28770).— Higher magnification of area marked in figure 13 at the point of reflexion 
of the joint capsule. At this point there persists primitive precartilaginous tissue giving rise to 
cartilage. This is a normal growth center. 
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posed of cortical and cancellous bone which for all practical purposes 
is identical with normal osseous material at the articular ends of bone. 
To emphasize further this analogy, at operation an overlying bursa is 
not rarely encountered over the exostosis, which, simulates the bursae 
associated with normal joints. 

This composite interpretation of the gross specimens of osteo- 
chondromas, relating them on the one hand to e.xaggerated normal bony 
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Fig. IS (P. N. 26392).— Photomicrograph from the specimen shown 
11. The overlying membranous portion of the exostosis shows in the gntire 
hand corner the direct continuation of fibers of an adjoining tendon. j^^^rgin 
histogenesis of the neoplasm can be traced in this picture. At the ’JPP tumor, 
is the primitive connective tissue which is the mother substance o 
This tissue is giving rise to a small amount of fetal cartilage, Beneath 

is much tj^pical normal adult cartilage, calcif 3 dng in its deeper } 
this, there is a protusion of normal adult bone enclosing a, sma 


marrow 
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protuberances, and on the other to supernumerary articulai surfaces, 
is justifiable on the basis of their histology as well as their gross 
pathology. For histologically, these tumors are derivatives of a primi- 
tive periarticular tissue which normally serves such multiple functions. 



Fig. 16 (P. N. 41267). — High power photomicrograph of a cellular area at 
the membranous margin of an exostosis. The dense cluster of spindle cells near 
the upper right hand corner are embrjonic connective tissue cells. The clear 
space beneath is the hyaline substance of mj’xoma and the three cells with the 
dense nuclei are fetal cartilage cells. This illustrates the transition from con- 
nective tissue to cartilage (the myxoma phase) vhich is the neoplastic process in 
osteochondroma and in all tumors of the fibrocartilaginous group. 
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MICROSCOPIC FEATURES 

The typical microscopic picture of the osteochondroma seen under 
low magnification is shown in figure 15. The tumor, passing from the 
superficial layers to the deeper ones adjacent to the normal underlying 
bone, shows a characteristic transition from fibrous tissue to cartilage 
to bone. The most superficial layer is generally a hymlinized connective 
tissue, very poor in nuclear material, which caps the tumor over its out- 
ward surface. At points in this cap, there are islands of more cellular 
connective tissue which, when put under high power magnification, show 
many small spindle-shaped nuclei arranged in syncytial fashion, resem- 
bling myxoma (fig. 16). Beneath the fibrous layer is found a hyalinized 
cartilaginous substance. In the regions where the connective tissue is 
cellular, there are numerous fetal cartilage cells, but these small areas of 
fetal cartilage are insignificant beside the major portion of chondral 
tissue which is of the adult variety and resembles in all respects the 
ty^pical chondroma. In its deeper j^ortions this cartilage undergoes 
calcification, and abutting on the zone of calcified cartilage laminated 
bony spicules are to be found. This laminated adult bone is cancellous 
in structure with a generous amount of fatty^ bone-marrow between its 
trabeculae. Osteoblasts are generally not applied to the spicules, nor 
has this bone the coarse fibrous structure typical of new bone formation. 

The entire microscopic picture is preponderantly one of quiesence, 
the varydng histologic zones appearing like the stratified deposits of an 
obliterated sea. It is only in isolated zones that evidence of active 
proliferation persists. This is in keeping with the clinical characteristics 
of these tumors which are slow in their growth and mild in the symp 
toms provoked. These isolated areas of cell proliferation, however, ar 
the points most important for the study^ of the histogenesis o t e ^ 
neoplasms and must be considered in more detail. They also supp y ^ 
nucleus for the malignant change that occasionally occurs m 

tumors. . • . the 

In the areas of cellular fibrous tissue, the capsule dips m o 

tumor, dividing it into lobules. These penetrating stiands o 
tive tissue give rise to groups of fetal cartilage cells and also 
instances to small amounts of new bone. It is therefore plain y 
that the mother substance of the cartilaginous portion of t ese 
is the precartilaginous connective tissue found indenting 
from its periphery. Although this early connective tissue ni 
be ascribed the function of new bone formation, it is ^ ^he 

certain that the large amount of adult bone comprising t e 
exostosis is derived from this same mother substance. ic 
of this adult bone is so intimately related with the sha t o 
lying normal bone that it appears to be arising as a tissue 

shaft, rather than as a deposit of the small amounts o os 
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found in the neoplastic portions of the cartilaginous cap. If this inter- 
pretation is correct in the histogenesis of these tumors, it becomes neces- 
sary to explain not only the origin of the cartilaginous growths that 
form the cap of the exostosis, but also to account for the independent 
proliferation of normal bone beneath which constitutes the pedicle or 
base of the osteochondroma. 


HISTOGENESIS 

The close simulation of the usual exostosis to a normal articulating 
surface of bone, as well as the relationship that the location of the tumor 



a 


Fig. 17. — This drawing reproduced from Kohicker depicts cartilage cells (c) 
in the end of the achilles’ tendon (B) which attaches directly to the bone of the 
os calcis (A). This is the first known record of the discovery of precartilaginous 
connective tissue giving rise to cartilage in the substance of a tendon. (After 
Kollicker: Human Histology, London, Sydenham Society, 1853, vol. 1, p. 251. 

generally has to points of tendinous attachments, focus attention on the 
embryology of these normal structures. In both normal tendons, which 
attach directly to bone, and in normal joints at the reflexion of the 
joint capsule, proliferating zones apparently acting as. normal growth 
centers may be found. In these proliferating centers early cartilage 
cells derived from young fibroblasts may be seen (figs. 13 and 14), 
and occasional areas of ossification, a transition of tissues tropical of 
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Fig. 17A (P. N. 48035). — Low power photomicrograph showing the attachment of the e 
radialis longus to the metacarpal in a white man, aged 31 (the hand was amputated for ® 
the soft parts occurring in another portion of the hand). The illustration shows the persis 
cartilaginous connective tissue with the proliferation of cartilage, forming a junction 
in the upper portion of the picture and the tendon in the lower. This embryonic 
between tendon and bone, which can be observed microscopically under normal con 
where chondromyxosarcomas arise, refutes the current misconception in regard to le 
lumors by a process of dedifferentiation. 
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Fig. 17B. — Low power photomicrograph showing precartilaginous connective tissue vv'ith cartilage 
formation at the insertion of the quadriceps tendon into the tibial tuberosit}" in a young dog. This 
photograph should be compared w ith figure 17A. The embryonic tissue of union shown in this picture 
persists in practically an identical form even in later life as shovvm in figure 17A. 
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Fig. 18.- 
ght hand 
idergoing 


—Osteogenic processes in tenosynovitis proliferating ca: 

corner is seen dense embryonic fibrous tissue wl ch > ^P^^^ 
calcification and ossification. (After Harbin: Arch, bu . 
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the osteochondromas. The occurrence of such proliferating' zones in 
normal tendon ends "Wfas first observed by Kollicker ‘ in 1853 (fig. 17) 
and similar transitional zones are typical of tenosynovitis associated with 
calcareous bursitis (Harbin, « fig. 18). In the development of joint 
mice, the studies of Henderson and Jones ° demonstiated that loose 
cartilaginous bodies may undergo ossification in the S 3 movial membrane 
(fig. 19), showing again the relationship of the histologic transitions 
typical of exostosis to articular and periarticular structures. 

Since in normal bones the growth centers at the epiphyseal line 
contain neither proliferating fibrous tissue nor fetal cartilage cells but 



Fig. 19. — Low and high power photomicrographs showing the development of 
cartilage with subsequent ossification in tags of sj’iiovial tissue within the joint 
cavity. This illustrates the histogenesis of the so-called joint mice occurring in 
osteochondromatosis of the knee joint and proves the power of cartilage formation 
residing in the primitive connective tissue of the synovial membranes. (After H. T. 
Jones: J. Bone & Joint Surg. 6:407, 1924.) 

7. Kollicker, A.: Alanual of Human Histology, London, Sydenliam Societv 
1S53-18.=;4. vol. 1, p. 251. 

8. Harbin, R. H.: Deposition of Calcium Salts in the Tendon of the Supra- 
•spinatus Muscle, Arch. Surg. 18:1491 (April) 1929. 

9. Jones, H. T.: Loose Body Formation in S\novial Osteochondromatosis, with 
Special Reference to Etiologr- and Pathology, J. Bone & Joint Surg 6-407 458 
(April) 1924. 
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derivatives in a higher state of differentiation, it is evident that the 
osteochondromas are not related histogenetically to the bone proper nor 
to the epiphyseal line as so often stated, but rather to such articular 
and periarticular structures already cited. This deduction is confirmed 
by a comparative study of the embryology of the joints, periarticular 
structures and bone. 

Both the bones and joints begin their differentiation from a single 
type of mesenclnunal derivative. This mesenchymal derivative is a 
simple condensation of embryonic connective tissue which forms at 
the site of the future skeleton (fig. 20), It represents the precartilagin- 



Fig. 20.— Embryo. A shows the condensation of em ry jj^g;„ous con- 

(blastema) at the site of the future skeleton, and in ^ ^ ^^^tilage cells, 

densation of connective tissue is giving rise at is cen cartilage cells is 

The persisting rim of dense connective tissue a ou bone and 

the primitive perichondrium and has the power o cierichondriurn are 

cartilage. Persisting strands identical in nature y*'' Tke 

referred to as precartiiaginous connective f‘®sne 
sections were taken from a human embryo 14 cm. m lengi . 

ous State of the future skeleton and is known as blaste 
the blastema of the future skeleton diffeientia exception of 

so as to form an entire cartilaginous skeleton ( so-called 

membranous bones) at an early date m em ry 

extraskeletal blastema, which is destined to on J j ^ a 

ments of certain tendons and ligaments lags behind and . 
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somewhat cliiTerent cycle of changes. By mucoid regression in tin's 
extraskeletal blastema, the joint cavities and certain bursae are formed, 
and this saniQ- embr)mnic fibrous tissue overlays the joint ends of the 
bone with the perichondrium from which the joint cartilage is formed 
on the underl 3 dng bone. ^Vhere this thick connective tissue coat oa er- 
laps and extends beyond the bone, the joint capsule, the ends of liga- 
ments and tendons and the synovia are differentiated. 

Thus the joint cartilage, the joint capsule, the synovia, the ends of 
various ligaments and tendons and the joint cavity as well as associated 
bursae are all derived from this one mother substance. This extra- 
skeletal blastema tissue in all of its derivatives retains at points the 
power of cartilage and bone formation throughout lire. But unlike 
the skeletal cartilage differentiated from this blastema at an earlier 
stage, this type of chondral tissue does not undergo acarra restrpuon 
by giant cells in its calcified state, but becomes converted mate 'ttrectl}' 
into permanent bone. 

Thus on embiyologic grounds, as well as by site and lommamam the 
osteochondromas, because of the histologic cycle from fibttrs assire to 
cartilage to bone which they show in their growth zones cr caratagmou- 
caps, must be histogenetically related to the extraskeletal diaati-ata. or 
the forerunner of articular and periarticular structures. 

In tendons such as the achilles, the quadriceps at armmrocr.t 
below the knee and the adductor magnus fastening above tTo'e medfa! 
cond)de of the femur union is established not with the oerfieaeur:'-. 
but directly to bone. These tendons have their osseous ends 
not by ordinary fibrous tissues, but b}' extraskeletal blastema 2 '. 
and since the periosteum is normally lacking or deficient at srm ocmtt, 
the underlying bone lacks a limiting membrane and gro™ tv: ft to-' 
form of a normal bony protuberance to meet the tendon,'" 'rom 
growths of bone are normal occurrences and are known as t' 

tubicle, the tibial tuberosit}^ etc. The entire tuberosity. 

for such ligamentous attachment, however, is not derf-at '"r- 
underl)dng bone but is added to more indirectly from pretstm''-- 
formed from the blastema in the ligament or tendon. Etm ^ r 

the bone and the end of the tendon thus cooperate in 
the tuberosit)\ 


Therefore, the normal events at the site of a : 
which must be superseded in order for tumor format’' 
are: (1) the end of a tendon or ligament formed 



10. Macewen (The Growth of Bone: Observations c 
Experimental Inquiry into the Development and Reprod-j 
Bone, Glasfjow, James Maclehosc & Son, 1912) lias e-xper- 
power of the periosteum to act thus as a limiting membrare 
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tissue and destined to aid in the formation of its own bony attach- 
ment ; (2) an underlying zone of normal bone without periosteal covei- 
ing destined to form an outgrowth or attachment point in the skeleton; 
(3) a margin of periosteum surrounding the zone which eventually is 
to form a sleeve or cuff ahoul this zone. 



Fig. 21 — Low magnification of a longitudinal section of phe 


embryo shown in figure 20. 


entire tibia is 


in figure 20. The future skeleton is preformed in ca » 
shown, the cartilage of which is undergoing ca tendon 

pinched, midshaft region. At A is seen the insertion o t e ^ dense black 
(embedding the patella) into the future tuberosity of tie ti la should 

connective tissue of the tendon is Persisting precartiIaginous conne ^^^^_^^^ connec- 
under higher magnification in figure 20. At B is^ seen t e persistence 

tive tissue in the region of the insertion of the achilles ten on 
of this dense connective tissue within the future knee joint. 
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The origin of an osteochondroma or exostosis at such transitional 
zones depends on abnormal variations in some one of the foiegoing 
factors. If both the zone of cartilage in the tendon end and the bony 
outgrowth of the underlying bone are normally balanced and eventually 
overlaid by periosteum, an osteochondroma will not form. If, how- 
ever, the periosteum surmounts only the outgrowth of the underlying 
bone and fails to blend with the fibrous tissue of the tendon, the 
growth of the cartilaginous center in the fibrous attachment of the 
muscle will not be properly limited, and a tumor results. In such an 
event, the cartilaginous zone in the tendon overgrows the protuberance 
of normal bone, overlapping the periosteum and forming a typical 
exostosis. 

It is clear from the foregoing facts that osteochondromas are com- 
pound growths, since the underlying osseous pedicle is composed of 
normal bone which has a deficiency in its periosteal covering, while 
the overlying cartilaginous cap arises independently from precartilagin- 
ous connective tissue in the end of a tendon or ligament. 

ETIOLOGY 

From a consideration of the histogenesis involved in tumors of the 
osteochondroma group, the multiplicity of possible etiologic factors 
becomes apparent. In congenital exostosis, in which these tumors 
are frequently multiple and often hereditary, there is undoubtedly a 
tendency to variation in the periosteal apertures about the zones where 
bony protuberances normally arise. That this congenital variation 
affects the periosteum and underl3'ing cortical bone primarily as well 
as the cartilaginous zone of growth in the ligaments and tendons is 
evidenced by the diffuse metaphyseal widening so often seen in this 
form of so-called hereditary, deforming chondrodysplasia. Apparently 
the rim about the periosteal deficienc}' is either unusually wide or 
abnonnalh'^ inactive or both, permitting the underlying bone to pro- 
trude in an unusual manner. 

In regard to the exostosis of inflammator}'^ origin, such as the cal- 
caneal spurs in gonorrheal arthritis, the fault in this instance is not 
a deficiency in the activity of the adjacent periosteal cuff but rather an 
overstimulation of the cartilaginous center in the tendon where the infec- 
tion has directl}' initiated an increased growth activity. Likewise, in 
the osteophytes of chronic arthritis, there is a stimulation of the normal 
zones of cartilaginous growth which persist near the point of reflexion 
of the joint capsule and synovial membrane. Despite the unorthodox 
procedure of classifying these infectious osteoplwtes with the neo- 
plasms of the osteochondroma group, microscopic distinction between the 
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two is impossible, and histogenelically, as has just been shown, there is 
a common basis of origin (fig. 22). 

Single exostoses may arise as a result of traumatism to a normal 
cartilaginous growth zone or where aberrant islands of cartilage with 
strands of blastemal tissue have been left behind to form embryonic 
cell rests in the sense of Cohnheim. When traumatism plays an etiologic 



Fig. 22 (P. N. 34167).— Low power photomicrograph of a calcaneal 
white man, aged 39, giving a history of gonorrhea thirteen 3'^^® P^ 
followed by polyarthritis for a number of years, which at first a {l,e 

joints but which finally localized at both ankles. In the picture t and 

overlying connective tissue continuous with the tendon, the zone o ° 

the underlying bone t 3 ^pical of all exostoses. Compare this with 

role, it is difficult to determine whether the traumatism is 
repressing the adjacent periosteum or in stimulating the a 
of cartilaginous growth. Conceivably, the injury may resu 
but the latter is more probable. At any event, the tiauma p 
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functions in disturbing the balance between the permanent bone forma- 
tion in the underlying osteogenic zones of the periosteum and the 
proliferating powers in the adjacent precartilaginous tissue. 

TREATMENT AND PROGNOSIS 

The foregoing analysis of the histogenesis and etiology of exostoses 
has an important bearing on the treatment and prognosis of the dis- 
ease. Ordinarily these lesions are benign and represent merely an 
imbalance between two normal phases of growth in the same manner, 
as was pointed out in a previous paper in regard to bone cysts and 
giant cell tumor (Geschickter and Copeland Operative interven- 
tion is frequently not called for, since in the usual exostosis the peri- 
osteum and underlying cortical bone succeed eventually in “hemming 
in” the cartilaginous cap except at the point where the fibrous portions 
of the tendon or ligament perform an identical function. Plowever, 
even when such normal balance is restored, operative removal may 
become necessary because of the interference by the tumor with the 
function of the surrounding muscles in the use of the adjacent joint. 
When the location of the tumor is such that repeated injuries result 
in the formation of a bursitis, the consequent painful lesion warrants 
operative removal. 

In the removal of such an exostosis, a more careful dissection is 
warranted than is usually given such tumors. The zone of periosteum 
overtying the adjacent normal bone about the pedicle or base should 
be carefully delimited and marked out b}' the knife and laid back. The 
base or pedicle should then be chiseled through and the tumor lifted 
off the underlying bone while it is still attached to strands of the adjacent 
tendon. The fibers of the tendon entering the tumor zone should then 
be partially dissected and clipped above the cartilaginous zones which are 
frequently embedded in them. After the growth has thus been removed, 
care should be taken to provide for the reanchoring of the strands of 
the tendon and to suture the adjacent fascia and muscles over the rift 
in the periosteum to aid in the restoration of the normal cortex when 
healing occurs. 

Ordinarily, the usual exostosis, ivhen operated on, is accorded no 
such systematic treatment. The tumor is chiseled away piecemeal in a 
careless fashion, the surgeon neglecting the relationship of the adjacent 
tendons to the tumor. The result is that recurrences of such benip'n 

o 

exostoses are by no means rare (5 per cent of this series), and when 
recurrence does not take place, the adjacent cortex often reforms in an 
irregular and troublesome manner (fig. 23). 

11. Geschickter, C. F., and Copeland, M. M., with foreword Bloodgood, 
J. C. : Osteitis Fibrosa and Giant Cell Tumor, Arch. Surg. 19:169 (Aug.) 1929. 
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While many exostoses do not require operation and cures are com- 
monly effected in those with aggravated symptoms by simple surgical 
removal, there is a third group in which both the prognosis and the 
treatment are an entirely different problem. This is the group of benign 
osteochondromas which undergo secondary malignant change. In the 
present series of cases, malignancy arose in over 7 per cent of these 
benign exostoses or osteochondromas. This is a far higher percentage 
than is generally conceded, but the reason for this increase in the per- 



Fig. 23 (P. N. 35720).— Roentgenogram taken ten months after 
excision of the exostosis shown in figure 4. Note the gradual reforrna lo 
bone escaping through the periosteal gap at the site of the former exos os 


centage of malignancy in the present series is due to the met 
which they were studied. 

It is not sufficient to follow up the cases of benign exostos 
to find out in which of them the patients subsequently die o 
developing in the original lesion. The usual benign 
comes under the observation of the physician or suigeon is 
and this removal usually eventuates in healing so that the 
malignancy is obviated. In patients discharged without trea 
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who have recurrence after removal there is, of course, the possibility of 
malignancy. But there is also a still larger group of cases that never 
come under the observation of any physician until malignant change 
has occurred. To determine this third group, it is necessary to examine 
carefully the roentgenograms and specimens in all cases in the osteo- 
genic sarcoma group and to isolate those cases which show evidence ol 
arising in a previous osteochondroma. It is this third group of cases 
(table 6) in which most of the osteochondromas terminating in sarcoma 
were found. 

In view of this fairly large percentage of cases with malignant 
change, the question arises whether or not the removal of an exostosis 
is warranted as a preventive measure. Such a wholesale removal of 
these growths is not favored on the basis of the present study, but 
attention is called to the need of following cases in which operation has 
not been performed and of informing the patient to return at once if 
he observes any unusual increase in the growth or an aggravation of 
symptoms. In addition, tumors which are discovered in the roentgeno- 
gram in and about the pelvis or about the spine should be removed or 
followed b}' repeated roentgen examinations twice yearly because their 
location makes any increase in size dangerous to the patient. 

While the age of the patient is a factor in the sarcomatous transfor- 
mation of these neoplasms, it does not serve as a guide in the rendering 
of a prognosis. In persons between 15 and 20, the growth impetus fol- 
lowing adolescence may stimulate these tumors directly, and in patients 
over 40 the loss of the proliferating powers in the periosteal regions of 
the exostosis makes stimulation by trauma or infection of the tumor 
more dangerous. This permits the malignant change to occur at almost 
any age. 

MULTIPLE EXOSTOSES OR HEREDITARY DEFORMING 
CHONDRODYSPLASIA 

In the foregoing discussion of osteochondromas or single exostoses, 
an analysis was made which emphasized not the cartilaginous or the 
osseous portions of these tumors, but instead, their derivation from a 
precartilaginous connective tissue concerned with periarticular functions. 
Although this precartilaginous connective tissue is visible only in rem- 
nants at the periphery of these tumors, it is nevertheless the mother 
substance of the cartilaginous mass that has received so much attention 
by other authors. This tendency to emphasize the chondral substance 
of these tumors instead of their connective tissue origin, particularly 
when they assume the form of the so-called multiple cartilaginous 
exostoses or hereditary deforming chondrodysplasia, has been the cause 
of much confusion in the attempts to interpret the nature of this multiple 
skeletal disease. 
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Hereditary deforming chondrodysplasia (a term given by Ehren- 
ried ) denotes a distinct clinical form of exostosis in which the 
multiple occurrence of such tumors in a single patient is accompanied 
by numerous other skeletal deformities, such as bending and shortening 
of the bones and widening and irregularity of their metaphyseal ends'! 
This form of the disease known in the literature under many different 
terms is congenital, and is usually discovered in childhood. The 
hereditary factor is extremely prominent and has been traced through as 
many as four or five generations. The mode of transmission is direct 
but somewhat variable, and apparently both males and females may 
transmit the disease. The fundamental basis of the congenital dis- 
turbance is obscure, but deficiencies in the periosteum and a tendency 
for the perichondrium to persist and to function as such, together with 
precartilaginous connective tissue about the joints, seem to be responsible 
for most of the deformities. 


CLINICAL FEATURES 


Although the disease is active throughout the developmental period 
of skeletal growth, the actual age of observation varies according to the 
time when the physician is first consulted. Usually the patient comes 
under observation between the ages of 9 and 20, but the disease has 
been repoited as early as the age of 4 years and as late as SO. The 
deformities affect primaril}^ only the bones derived from cartilage and 
involve most markedly the bones of the forearm and foreleg, although 
the femur and humerus rarely escape. Most of the exostoses are found 
in the cortical region of the bone, resulting in a widening of the shaft 
at these points and giving rise at their base to areas of either increased 
or decreased density. In addition to the outward projections at these 
points, there may be an inward growth resulting in the formation of 
central chondromas. The last named have often been mistaken tor 
cysts of the bone. Where two adjacent bones are affected, as the ladius 
and ulna or the tibia and fibula, fusion may occur between the expanded 
and distorted areas of the cortex (fig. 24), the lesser bone (fibula or 


ulna) usually suffering arrested deimlopment. 

In well developed cases, the outstanding simiptoniatolog}’’ relates^ to 
the deformit)'’ or so-called "family mark,” which consists in shortcnnij, 
of stature and crookedness of the arms or legs. As the isease 
progresses, one or more of the osteochondi'omas, because o continu 
growth, will impinge on important structures, causing pain an c}S uuc 
tion. One of the common disturbances of such impiiigemen is . 
resulting paraplegia or local paralysis. Exostoses about t ie spme < 
result in either a spastic or a flaccid paraplegia, uhi e oca 
in the region of the knee by pressure on the peionea 
rise to paralytic clubfoot. In rare instances, an aneurysm lu 
as a result of a constant trauma to an adjacent i es»e . 
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Variability characterizes the more marked symptoms of the disease. 
During the youth of the patient, painful growths may continue to arise, 
to decrease finally or nearly disappear after the patient reaches matui ity. 
While the defonnities tend to become stationary in adulthood, exacer- 
bation of sjunptoms ma}^ be produced bj’^ local irritation to an undei- 



Fig. 24 (P. N. 28246).— Case of congenital multiple exostosis showing fusion 
between the lower end of the radius and the lower end of the ulna. Note the 
bending and distortion of the bones of the forearm and the undeveloped state of 
the distal end of the ulna. 

lying growth. As pointed out for single exostoses, an increase in the 
seventy of symptoms after the age of 30 in a previously dormant 
osteochondroma may be the first sign of a malignant change. 
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Unless neurologic man, festations are p.-esent, examination of the 
patient usually shows few systemic features of clinical interest other than 
those relating to the skeleton. Unlike chondrodystrophia fetalis, there 
IS no alteration of the physiognomy and no deformity of the head 
although congenital anomalies, such as a deficiency of the bladder sphinc- 
ter, may be present. The bones of the trunk are usually not markedly 
invo ved by the disease, although exostoses affecting the spine and 
libs aie occasionally recorded. In the extremities there is a tendency 
for a fairly symmetiical bilateral involvement, although unequalness 
in the length of either arms or legs is not rare. Full extension is often 
limited, and there is bowing of the forearms and often of the forelegs. 
Deformities of the hands and feet, particularly in the phalanges, are 
common. Definite hard and knotty outgrowths attached to the bone 
may be palpated, usually near the ends of the bones but occasionally near 
the region of the midshaft. The quiescent growths are less than the 
size of a fist, but progressive osteochondromas in which malignancy may 
be suspected may exceed the size of a child’s head. 

ROENTGENOGRAPIIIC FEATURES 

In the x-ray films taken of this condition, numerous typical osteo- 
chondromas, involving the metaphyseal region of the long bones of 
the extremities, are found. These outgrowths may appear in clusters 
about a given region and beneath the point of these exostoses, the shaft 
of the bone is widened and the cortex frequently thinner than normal. 
The exostoses vary in configuration, some being of the pedicle type, 
others a cauIiflower-Iike growth with a broad base, and still others 
rounded, elevated areas near the deformed end of the bone (fig. 25). 

In the ulna or fibula, bending is usually marked, and there is an 
arrest of growth showing shortening and failure of the epiphyseal ends 
to develop properly (fig. 24). In the ulna, it is usually the lower end 
of the bone which is deficient, and it is in this region that fusion mti 
the I'adius often takes place. In the fibula, the upper end is most 
frequently affected, and synostosis with the tibia may resu t. 
Although the entire end of a bone, such as the lower end of the 
may be distorted by these outgrowths and the thinning of the cor 
and the foam}^ area in the base of the exostosis nray resem e a c 
true cysts of the bone such as those seen in osteitis fibrosa have 
been recorded in the present series, and to my know e 
verified record in the literature of such a cyst despite scNcra e 

references recently published. . +„„,r.r o-wnn 

This is one of the easiest conditions in the eih.re Triniiiii- 
to diagnose in the roentgenogram. The three ^ 

iiig the diagnosis are: the formation of typical exo P 

or broad base type, the widening of the metaphyseal ends of thc^ 


bones 


laa oase type, tuc . . 

and the deformity with bending aiid fusion 


filiiila. 
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in the forearm or foreleg. The appearance of the bones about the 
knee is typical (figure 25). The lower end of the femur is squared 
off, and the exostoses projecting therefrom are directed upward in the 
direction of the muscle pull. The upper end of the tibia is similarly 
distorted, the outgrowths in this instance pointing downward. The 



Fig. 25 (P. N. 28539). — The bones about the knee joint in a case of hereditary, 
deforming chondrodysplasia. In addition to the numerous exostoses, note the 
widening of the metaphyseal ends of the bone which gives to the lower end of the 
femur and upper end of the tibia a characteristic squared-off appearance. 

Upper end of the fibula is expanded and often fused with the end of 
the tibia. 

The possibility of malignancy in these conditions is a much disputed 
point. If malignancy occurs, it is never generalized or multiple in 
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focus, but arises in a single osteochondroma, and for this reason differs 

ni no way from the possible malignant change discussed under single 
exostoses. ^ 

Apart froni the cases of t3^pical hereditary deforming chondro- 
dysplasia with its outspoken manifestations, there are occasional non- 
hereditary cases in which several cartilaginous tumors may affect a 
single bone or several widely separated bones. Rarely such instances 
are observed in which multiple chondromas of the hand are associated 
with exostoses in the arm or another long bone. More frequently, 
several exostoses in a single region of one bone have been observed. 
Associated with such a nest of lesions, there is the same metaphyseal 
widening seen, as in hereditary deforming chondrodysplasia, and there 
may also be bending and deformity of the bone. Such cases are best 
referred to as multiple exostosis or simple chondrod3rsplasia, and repre- 
sent a transitional group of lesions midway between single osteo- 
chondromas on the one hand and multiple exostosis of the hereditary 
deforming chondrod3fsplasia type on the other. 


PATHOLOGY 

Adequate study of the gross pathology of these lesions is difficult 
owing to the scarcit3^ of material. Since the disease is ordinarily not 
fatal and operation, when performed, is restricted to a single lesion, a 
detailed study of man3^ bones has rarel3f been made. In general, the 
pathologic process of the local growths is the same as that described 
for the single osteochondroma. The important points of difference 
are the multiplicity of the tumors, the frequenc3'’ with wliich cartilaginous 
masses are found embedded in the medullary and subcortical regions of 
the bone beneath the exostoses and the bending and distortion of the 
long bones, particularly the ulna and fibula (fig. 26 ). 

The widening of the metaph3^seal region and the distortion of the 
bone beneath the site of the exostoses are among the most interestinj, 
features of this condition of the skeleton. Many explanations hare 
been advanced to account for these peculiarities, most of them relating 
the conditions either to a generalized disease, such as rickets, S3pii is 
or tuberculosis, acting on the epiph3fseal line oi to a failure o 1 1 
metaphysis to become modeled into a normal shaft because o som 
inherent and hereditary defect. The first group of explanations relatmg 
to the epiphyseal line and originating with Virchow har e een gn 
ally abandoned. The other group of explanations relating t 
metaph3^sis are more current but are mostly theoretica ui 

pathologic or embryologic basis. _ _ ^ r,f the 

Another of the more intriguing deformities is t le s ® 
oTowth of those bones that do not bear direct strain or u t. 
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as the ulna and fibula. The curious way in which these two bones are 
outstripped in size and growth by their neighbors, the ladius and tibia, 
affords an important clue to the pathologic picture of the disease. 

jMicroscopicall}'^, the duplication in the multiple exostoses of the 
histologic picture, described under single osteochondiomas, indicates 
that the histogenic processes described in connection with those lesions 
also apply to the more diffuse form of this skeletal condition. 



Fig. 26 (P. N. 19339). — Gross specimen from a case of hereditary, deforming 
chondrodysplasia after a resection of the upper end of the tibia and upper end 
of the fibula. The uncut surface (^A) shows the numerous cartilaginous out- 
growths and s}'nostosis between the fibula and tibia. The cut surface (5) 
shows islands of chondromatous tissue extending into the epipljseal and meta- 
physeal regions of the cancellous bone. 


HISTOGENESIS 

The formation of single exostoses as an exaggeration of a normal 
bony protuberance when maladjustment occurs between the periosteal 
cuff and the precartilaginous connective tissue embedded in the end 
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of the tendon suggests that in the condition of hereditary deforming 
chondrodysplasia, in which so many of these tumors are present, a 
similar disturbance affecting the periosteum and the precartilaginous 
connective tissue is present. In its earliest state, the bulk of the peri- 
osteum is in reality perichondrium, a tissue identical with the pre- 
cartilaginous connective tissue which persists about the joints and in the 
ends of the tendons. It is clear, therefore, that if there is an arrest 
of development and a tendency for this precartilaginous tissue to per- 
sist not only in periarticular regions but also at points in the periosteum, 
the bones of cartilaginous origin will be affected throughout. This 
piobabl}’’ occurs in multiple exostoses. Not only do the periarticular 
points of primitive connective tissue act as sources for these cartilaginous 
growths, but, in addition, the periosteum at many points does not 
develop as such but is replaced bj'’ insufficient amounts of the more 
primitive perichondrium. 

The failure of the periosteum to develop adequately, or rather its 
tendency to lag behind its normal rate of differentiation, has a multi- 
plicity of effects on the bone beneath. Among other things, the cortex 
does not achieve its full thickness, owing to the absence of an adequate 
subperiosteal layer of osteogenic tissue provided with fully developed 
osteoblasts. In addition, the envelop formed by the periosteum is insuf- 
ficient and incomplete, resulting in a failure of the periosteum to act as 
an efficient limiting membrane to growth of bone. Failure in this func- 
tion as a limiting membrane leads to widening of the metaphysis and 
irregular protrusions through 25oints of defect in the periosteum. The 
inadequacy of this line of limitation is most apparent in the fibula and 
ulna. In view of W olff ’s law, which states that the development of 

bone structure is in accordance with bone stress and strain, it is important 
to bear in mind that these accessor}'’ bones of the forearm and foreleg 
are not subjected to the direct stress received by the radius and tibia and 
therefore lack the corrective influence of their neighbors. As a result, 
the defects brought about by periosteal deficienc}^ are accentuated. 

The formation of exostoses akin to those found in cases of single 
osteochondroma are to be ascribed to the precartilaginous tissue in 
tendon ends which does not form its destined junction witi an 
growing periosteal cuff. The irregular masses of cartilage oun 
to the cortex and growing inwardly are more likely due to ^ 

strands of primitive perichondrium. The entire process 
complicated, but it shows what a fine state of balance amon 
tissues of similar functions is necessary to produce tie norn 


12. Wolff, J. : Ueber die inneren Architectur der 
lung fiir die Frage vom Knodien Waclistum, Arch. f. pat . - 
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prognosis and treatment 

J he pros^iiosis for life in these c<ises is good, but theic is no udeqiitile 
form of treatment except operation for correction of deformities after 
the growth period has ceased. Most of the deformities, such as shorten- 
ing of stature and unequal length of the bones of the extremities, visually 
give no indication for treatment, but exostoses causing neurologic mani- 
festations, dysfunction in the use of limbs or injury to vessels should be 
promptly excised. 

In two cases in this series secondary malignant change occurred in 
these cartilaginous growths resulting in death from chondromyxosar- 
comas. Other such cases with malignant change have been reported from 
time to time in the literature. The treatment of such sarcomatous 
growths is discussed in the chapter on secondary chondromyxosarcoma. 

•CHONDROMAS OR CHONDROMYXOMAS 

A fairly common type of cartilaginous tumor, designated here as 
benign chondroma, resembles the exostoses histologically, but has not 
the same periosteal location or the same preponderantly osseous struc- 
ture that is characteristic of the base or pedicle of the osteochondromas. 

The typical chondroma is a benign lesion occurring in the small bones 
of the hands and feet or about the ribs and spine in patients between 
the ages of 20 and 30. In the phalanges of the hand where this tumor 
is most frequently located, the growth jjroduces a central area of rare- 
faction in the alTected bone which in the roentgenogram is visible as an 
expanded and cystic area within a shell of cortical bone. These chondro- 
myxomas have been described as occurring commonly in the long pijie 
bones and about the pelvis in either a central or a periosteal location. 
Mowever, in such locations these tumors arc rarely of central origin, and 
of those of periosteal origin described as chondromas the majority arc 
in reality osteochondromas with a large cartilaginous cap; they have 
been grouped under the exostoses in this i)a])er (table 1). It is also 
essential to point out here that many of the chondromas growing to 
tremendous size, described as benign lesions in the literature, arc essen- 
tially slowly growing chondromyxosaixomas arising secondarily in 
benign exostoses. This type of tumor is subsequently discussed in this 
paper under the heading of “secondary chondromyxosarcoma." 


CLINICAL FEATURES 

In the present series of seventy-one chondromyxomas (tables 2 
and 3), males and females were about equally aft'ected ; the majoritv 
of the patients were white, and only two such lesions were recorded 
in Negroes. The curve of age distribution is shown in figure 27 and 
resembles the benign osteochondromas except that the peak of incidence 
is a decade later, between 20 and 30 instead of 10 and 20 years. The 
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ribs about ft i “““mng in such localities. The 

nbs about the sternum the region of the costochondral junction are 

is alsral ' ‘he region of Ute spine 

IS also a common site. ^ 

The patient affected with a benign chondroma or chondrom3'xonia is 
most often an adult, who complains of recurrent soreness in a tumor 
of stationary or slowly increasing- sixe located in one of the phalanges 
of the hand or foot. The symptoms are usually mild and protracted, 
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27. — Chart showing age incidence of benign chondromas occurring in the 
small and large bones of the skeleton. 


the clinical course extending on an average of over five years. Trauma 
is often recalled in connection with the initial appearance of the tumor 
and also again in connection with the exacerbation of the s3mptom^ 
which brings the patient to the physician. Neither pain nor swel mg 
is severe, the size of the tumor being in most instances less in lame 
than a ten cent piece. Multiple iiwolvement is not as frequent as 
might infer from the literature. In the present senes, onh 
of multiple chondromas are recorded, and in ever}‘ (me o t lese j 
the diffuse involvement was in the hand or foot. ‘ 

to the nodules, varying from three to ten in the smal lones 
two of these cases an involvement of a long bone (temur 
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The results of ph 3 ^sical examination are usually negative, except for 
the local changes in the area of the tumor. Evidences of specific infec- 
tions such as syphilis and tuberculosis have not been recorded, nor has 
bursitis been present in this series. The skin is usually unchanged, and 
the soft parts are freely movable over the tumor, which is firm to 
palpation, smooth or lobulated to the touch and securely attached to the 
adjoining bone. Pathologic fracture is pi'esent in 10 per cent of the 
lesions. 



Fig. 28. — Incidence of chondromas according to skeletal location. The solid 
black areas indicate the most frequent sites; the dotted areas, the points 
occasionally involved. 

About the ribs and sternum or when occurring centrally in the long 
bones, these growths may be of considerable dimensions and larger 
than an adult fist (fig. 29). In these larger growths a sudden increase 
in size or malignant change is far more frequent than in the small 
bones, and recurrence after a primary operation far more likely. Malig- 
nant change seems prone to occur in these larger tumors, particularly 
when they are associated with multiple chondromas in the small bones 
such as in the two cases just mentioned. 



Table 2.— Benign Chondromyxomas in Small Bones of the Hands and Feet 
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ROENTGENOLOGIC FEATURES 

In the roentgenogram a typical chondroma is a small, translucent 
and rarefied area occurring centrall}^ in the shaft of a small bone. The 
cortex about the lesion is thinned and expanded, inviting pathologic 
fracture. Unlike the osteochondromas, neither new bone formation 
nor calcification is marked in these small lesions, although trabeculae 
traversing the tumor (composed of hyalinized fibrous tissue) may be 



Fig. 29 (P. N. 32482). — A large chondroma of the sternum present for over 
fifteen years m a white man, aged 43. This tumor was first observed in 1915, and 
roentgen therapy was prescribed. Roentgenograms of this lesion are shown in 
figure 32. Despite repeated irradiations, the most recent x-ray films depict a 
change suggestive of malignancy. 

visible in the x-ray film. Perforation of the bone shell with extension 
of a translucent shadow into the soft parts is not rare (fig. 30). 

The benign chondroma is the most frequent lesion producing a cen- 
tral area of bone destruction in a phalanx. Bone cysts and giant cell 
tumors, which may occur in the small bones of the hands and feet and 
produce a similar picture in the roentgenogram, are more common in 
the metacarpal and metatarsal bones and are rarer in the phalanges. It 
is also helpful to bear in mind that multiple giant cell tumors or bone 


Fig. 30 .- — A (P. N. 29326) shows a central chondroma in the phalanx of the 
forefinger in a woman 31 years old. The appearance of this tumor followed 
trauma eight years previously. The cortical bone is intact, and the periosteal 
zones are not involved. B (P. N. 29245) shows a central chondroma occurring 
in a metacarpal bone in a girl, aged 10. This lesion also followed trauma three 
years previously, but was effectively treated with curetting and has remained 
well over six years. 



Fig. 31 (P. N. 35336).-A 

jas due to gout occurring in the hand of attacks of acute arthriii- 

:her joints Tn the body were affected, and recurrent 

;re present. 
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cysts are practically unknown in the small bones of the extremities. 
However, multiple punched-out areas of bone destruction which are not 
encapsulated by a shell of cortical bone in these localities may be pio- 
duced by gout (fig. 31 ). Afetastatic carcinoma and multiple myeloma 
practically never affect these small bones, unless the lest of the entire 
skeleton is riddled with the disease. 

The majority of the larger tumors of the chondroma class are situ- 
ated about the sternum at the costal chondral junctions or within the 
body of this bone. In this location they produce a gnarled mass of 
rubber}'' consistency which is difficult, because of its location, to visualize 



Fig. 32 (P. N. 32482). — A shows the central chondroma of the sternum shown 
in figure 26. The roentgenogiain was made eight years after the first observation, 
and although the lesion has grown the bone shell is still intact and the tumor is 
outlined by a definite calcified margin. B shows the same lesion five years later. 
Note the spotting and beginning granular appearance of the lesion and the 
extension be 3 'ond the bone shell. Because of the spotting and the hazy margins 
of the growth, this picture is suggestive of an early malignant change. Such a 
malignant change is very common in chondromas of the large bones after they 
have persisted for many j^ears in a benign state. 

clearly in the roentgenogram. The diagnosis, however, can usually be 
made from the location of the lesion and by the expansion of the bone 
which occasions no great amount of destruction or erosion. The 
absence of an infiltrating shadow in the periosteal zones is against the 
presence of malignancy in these cases (fig. 32 ). 
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True central chondromas of the long bones are extremely rare, and 
it is doubtful whether such a diagnosis is justified on the basis of the 
roentgenogram alone. In nearly 2,000 tumors of the bone there are 
but 5 well established cases, and in these, the resemblance is so close to 
malignancy in the x-ray film, and the tendency for the lesion to recur 
and to be cured only by radical operation is so great that there is little 
practical harm in classing these tumors as forms of chondrosarcoma. 





Fig 33.-J (P- N. 32415) shows a large 
humerus. The P^^uhar roughness e.xtendmg 
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bones must be conceded, and I have reproduced the illustrations of the 
roentgenograms of several of these cases as more or less of a curiosity. 
The only distinctive roentgen features are the tendency to expand the 
bone, the marking of the translucent ai'eas by lines and particles of 
calcification wliich produce a distinctly multiloculated effect and the 
involvement of the periosteal region by peculiar roughened areas escap- 
ing beyond the cortex (fig. 33). 


GROSS PATHOLOGY 

The outstanding characteristics in the gross specimens of neoplasms 
composed primarily of cartilage are the lobulated and gelatinous char- 
acter of the growth. The tumor is always composed of numerous 
pockets, marked off by visible fibrous trabeculae, and within these 
pockets there is a typical translucent and congealed substance of more 
or less rubbery consistency, which under the microscope can be identi- 
fied as cartilage. Variation in this lobulated and gelatinous appearance 
depends on the size of the tumor. In the small bones, the capsule 
containing osseous material lends a firmness to the tumor, and in addi- 
tion, calcification may aid in solidifying the mass. Elsewhere in the 
large bones where the tumor attains a greater size, there is a tendency 
to cystic change in the pockets of the lobules, and these cysts may con- 
tain a syrupy fluid which pours from the tumor when it is sectioned 
(fig. 34). 

The color of the tumor varies from a pearly gray to light yellow. 
Occasionally small foci of hemorrhage may discolor the tumor with 
deep red or black. However, these growths are not vascular, and the 
vessels described in the literature, particularly under the old terminology 
of angiochondroma, are to be found in the adjacent soft parts and not 
in the tumor proper. 

In the small bones the structure of the chondroma is fairly character- 
istic. In most instances the bone is intact (fig. 35), and portions of 
the cancellous bone usually remain in one or more areas, either forming 
the boundary of the tumor at one end or projecting into the tumor at one 
or more points as the remains of the original medullary structure. 
Within such bon)’- confines the gelatinous mass infiltrates everywhere 
as if it had been poured into a mold and left there to congeal and 
harden. Within the congealed substance, a few gritty areas of calcifi- 
cation may be felt. 

About the ribs or spine these growths are firm, nodular masses which 
become cystic when attaining to large size. In the rare instances in 
which these tumors involve a long bone, they show greater proliferative 
powers, and the original mass is reduplicated by similar clusters of 
lobules. Some of these reduplicated masses may be uniformly gelati- 
nous, others are cystic and exude fluid from their smaller pockets. These 
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larger tumors of the benign chondroma class are difficult to distinguish in 
the gross (or even under the microscope) from chondromyxosarcomas, 
and because of their clinical behavior must be looked on as potentially 
malignant. 



Fig. 35 (P. N. 33071). — Low magnification of a central chondroma occurring 
in the terminal phalanx of a toe. The lobulated tumor mass is encapsulated bv 
a thin shell of bone. 

MICROSCOPIC FEATURES 

The bulk of the benign chondroma is composed of fairly , normal 
adult cartilage. Under the microscope, this chondral substance shouts a 
matrix of hyaline material divided into lobules by acellular strands of 




278 


ARCHIVES OF SURGERY 


eosin-staining connective tissue. The cartilage cells lie in pairs or 
tetrads, in small lacunae, and the nuclei, which readily undergo pyknosis, 
are surrounded by a generous amount of eosin-staining C3-toplasm. 

Variations of this typical structure depend on the location of the 
tumor. About the ribs and spine, the hyaline substance is much 
increased, the lobules are larger with fewer strands of connective tissue 
and the cartilage cells are sparse. This type of chondroma resembles 
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cells are more frequent in the strands which mark off the lobules, and 
occasional islands of hyaline material in which fetal instead of adult 
cartilage cells are found are more likely to be seen (fig. 37). 

In the small bones, the microscopic picture is changed by the manner 
in which the capsule infiltrates from the margin. Here there is much 
cellular connective tissue and fetal cartilage intermingled to form typical 
myxoma. In addition, the connective tissue at the margin of these 



Fig. 37 (P. N. 38666). — Photomicrograph of a cellular area at the margin of 
a chondroma of a large bone. Numerous spindle cells are present in the con- 
nective tissue, and many of the cartilage cells are of the fetal type. An area of 
spottj'- calcification is seen. This lesion was in a white woman, aged 37, who had 
two unsuccessful curettings followed by amputation. The patient is living four 
years after the first operation. This picture demonstrates the borderline type 
of chondroma in which the exact onset or presence of malignant transformation 
cannot be determined. Clinically, the lesion has been tabulated with chondro- 
myxosarcoma arising secondarily in a benign chondroma. 


tumors, which gives rise to such myxoma, shows definite ossification 
with the formation of islands of new bone. This transition from cellular 
connective tissue to myxoma to cartilage with a parallel production of 
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type in the small bones of the hands and feet are, on the basis of clinical 
evidence, uniformly benign, while the chondromas in the larger bones 
(sternum, ribs, long bones, etc.) are potentially malignant despite a 

more benign histologic appearance. 

When a large group of tumors of the benign chondroma class is 
reviewed microscopically in connection with the sections of many cases 
of exostosis and also many cases of chondromyxosarcoma, it can be 
seen that these tumors as a group represent a borderline or transition 
between the osteochondromas, on the one hand, and the chondromyxo- 
sarcomas, on the other. 

All of these tumors show the same transition from cellular connective 
tissue to myxoma with fetal cartilage to adult cartilage with a parallel 
formation of new bone from connective tissue. In benign osteo- 
chondromas, the bone formation predominates, the cartilage is adult 
cartilage, and strands of active connective tissue and myxoma can be 
located only as insignificant remnants in the capsule of the tumor by 
the use of the high power of the microscope. In the benign chondromas, 
adult cartilage and not bone predominates. In the strands of connective 
tissue which divide the chondroma into lobules, myxoma and fetal' 
cartilage is nearly always absent, but in the strands of connective tissue 
which form the capsule, this tissue is easily found. Particularly in the 
small bones is fetal cartilage a common occurrence, and myxomatous 
areas along with new bone formation are the rule in the margin of these 
small growths. In chondromyxosarcoma, the cellular strands of con- 
nective tissue giving rise to myxoma with fetal cartilage infiltrate every- 
where, and islands of abortive cartilage with malignant nuclei of the 
vesicular type are replaced at intervals by areas of new bone formation. 

A graded series of histogenic changes in these tumors can thus be 
traced, the amount and degree of cellular activity in the primitive connec- 
tive tissue, which is the mother substance of these growths, indicating 
in a general way the degree of the malignancy. 

HISTOGENESIS 

Most of the chondromas and chondromyxomas represent histo- 
genetically supernumerary joint cartilages. In the regions in which they 
predominate — ^the hands and feet, the spine, ribs and sternum — ^there are 
far more joints and articular surfaces than elsewhere in the body. 
Embryologically, these joints are laid down by strands of primitive pre- 
cartilaginous connective tissue which cut across the axis of the future 
bones at right angles (fig. 39). These precartilaginous strands are the 
same t 3 ’^pe of primitive connective tissue that forms the osseous ends of 
tendons and gives rise to the abnormalities of exostoses and osteo- 
chondromas. This accounts for the similarity histologically betiveen 
the chondromas and the exostoses. In forming the joints, this pre- 
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cartilaginous tissue normally undergoes mucoid regressive changes to 
form the synovial lined joint cavities. However, aberrant persisting 
strands which do not thus regress are responsible at a later date for the 
origin of cartilaginous islands in the bone which form the chondromas 
and chondromyxomas. It is for this reason that the chondromas are 
found most frequently in a central location in bones in the regions of the 
body where there are the greatest number of joints. 

The persistence of such precartilaginous tissue about the joints, 
particularly at the point of reflexion of the joint capsule may be demon- 
strated in normal adults (figs. 13 and 14). Neoplastic tendencies in 








Fig. 39.-Photomicrographs of rab/yonic con- 
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myxomatous character is particularly prominent in the chondromas of 
the small bones and in those chondromatous lesions of the large bones 
undergoing secondary malignant change (fig. 66). 

From a practical point of view, it is of importance to understand, 
if possible, why the chondromas should present a more cellnlar and 
myxomatous appearance when they occur in the small bones and yet 
remain in this location so uniformly benign; and why, on the other hand 
they should be rnore predominantly cartilaginous when occurring in the 
long bones and yet more prone to malignant change. The explanation 
is to be found in the capsular changes. In the small bones, the 
cartilaginous center of the tumor never extends far from the influence 
of the cortical and periosteal margin of the growth, owing to the limi- 
tations of space- Thus the myxomatous strands characteristic of the 
margin of the chondromas are always readily visible among the carti- 
laginous areas. At the same time, normal periosteum with its sub- 
periosteal osteogenic layers is capable of reacting to the tumor and 
laying down a protective shell of new bone (fig. 35), favoring a benign 
course in these smaller growths. 

In the large bones, the conditions are reversed. The more central 
lobules of cartilage grow and reduplicate at some distance from the 
periosteal and capsular margin of the tumor. Cellular connective tissue 
strands and reactive new bone are therefore less likely to find their 
way into the chondral substance of the tumor. Therefore, within the 
chondroma, daughter lobules arise which are remote from the sphere of 
influence of cortical bone, and hence are more prone to sarcomatous 
change. For, from a study of various types of tumors of the bone 
(Geschickter and Copeland^®), there is reason to believe that the 
potentialities for malignancy increase as the power of reaction in normal 
cortical bone decreases and its sphere of influence becomes remote. 

PROGNOSIS AND TREATMENT 

When these benign cartilaginous tumors are quiescent and give mild 
or no symptoms, they are best let alone and kept under observation by 
repeated roentgen examination. If because of their position they are 
frequently subjected to trauma, resulting in soreness and discomfort 
to the patient, their complete surgical removal should be undertaken, 
if this is feasible and the tumor is not too large. In the phalanges the 
lesion is usually small enough to permit preservation of the continuity 
of the bone after thorough curetting followed by cauterization. The 
ease with which this tumor tissue is transplanted in the wound with 
resulting recurrence, however, should constantly be kept in mind. 

13. Geschickter, C. F., and Copeland, M. M.: Tumors of the Bone, Internal. 
S. Digest 10:323 (Dec.) 1930. 
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fh.f 7 chondromas in 

he smal bones. Approximately one third of the cases in this series were 

treated by primary ■ amputation or radical resection, and in all such 
cases a permanent cure was affected. When curettement is followed hy 
adequate cauterization, either thermally or chemically with 50 per cent 
zmc chloride, permanent cures have been established in such lesions 
occurring in the bones of the hand or foot. 

In the chondromas occurring in the large bones, recurrences have 
followed operation in approximately 25 per cent of the cases. In some 
of these instances the growth returned after repeated partial excisions 
when the neoplasms, because of location, could not be completely 
removed. It is important to record here that patients ■ followed from 
five to ten 3 ^ears after the first observation have remained well without 


treatment, although in some instances, such as the case shown in 
figure 32, there has been a gradual increase in the size of the tumor and 
recent evidence of malignant change. 

When a previously quiescent tumor shows sudden signs of increased 
growth, vdth an exacerbation of symptoms, immediate and complete 
removal is indicated, as secondary malignant change is to be expected. 
In the instances in which the patient has been so unfortunate as to 
neglect the growth and allow the tumor to become of unusual size, or in 
which the location about the sternum or spine makes complete removal 
difficult or dangerous, partial excision followed by radium therapy 
should be attempted. The clinical follow-ups on the malignant cases 
arising from previous benign tumors of this group warrant a trial of 
thorough irradiation by means of radium. A favorable prognosis can 
usually be given unless the tumor is of the type just discussed and is too 
large or in too vital a location to permit complete removal. 

In deciding whether a particular lesion in this group is to be treated 
from the benign or malignant standpoint, the location and not the 
pathologic changes must be given primary consideration. Chondromas 
occurring in the small bones of the hand or foot (the os calcis excepte }, 
regardless of their pathologic appearance, may be looked on as benign 
lesions, curable by thorough extirpation (curetting and cauterizationj. 
True chondromas of large size occurring about the sternum and spin 
or in the long bones, regardless of their microsrapic appearance, mu 
be looked on as potentially malignant, and their surgical remova , 
indicated, should be followed by radium therapy. 


PRIMARY CHONDROMYXOSARCOMA 

There is a divergence of opinion in the 
relationship of simple exostoses and benign tumors 

Cases of so-called malignant degeneration ^ been 

have been cited from time to time n the older 
estimated as occurring in about 5 per cent g 
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More recently, Hyndman^^ questioned such a conclusion and has 
stated that there “seems to be no evidence except possibly in a single 
instance, that any of the malignant changes (in the literature) are other 
than chondromatous or osteochondromatous.” Bloodgood has been 
quoted in support of this statement. 

There is possibly some room for doubt if attention is focused on 
the benign exostoses or chondromas and a search made among these 
lesions for instances in which secondary malignant change has resulted 
in metastases and death. Even from such a point of view there are 
undoubtedly cases in which death accompanied by generalized metastases 
has occurred, as will be demonstrated in the subsequent discussion of 
secondary chondromyxosarcoma. However, if one assumes an entirely 
different method of approach, beginning with an analysis of the various 
forms of osteogenic sarcoma, and seeks to determine on a histogenic 
basis whether or not sarcoma of such types is possible in the kind of 
neoplastic tissue responsible for exostoses and chondroma, the entire 
matter can be settled with little room for speculation or question. 

The greatest number of tumors in the group of osteogenic sarcomas 
contain cartilage in association with a type of myxomatous connective 
tissue, indicative of a mode of origin analogous to the benign exostoses 
and chondromas (Geschickter ^®). As in the foregoing analysis of the 
benign lesions, this form of connective tissue can be traced to a survival 
at points in the skeleton of primitive perichondrium and periarticular 
strands of a similar precar tilaginous tissue. 

The relationship of these chondral forms of osteogenic sarcoma to 
the benign tumors of the fibrocartilaginous group is, therefore, an inti- 
mate one, and the true basis of origin among these various neoplasms 
is so nearly identical that it is often impossible, even with all the data 
at hand, to predict whether the outcome of the growth will be benign 
or malignant. 

However, among these lesions there is a primary form of chondro- 
myxosarcoma which shows from the start its sarcomatous bent. It is 
a very malignant tumor arising periosteally, which does not at the onset 
involve either the cortex or the medullar}'^ cavity of the bone (fig. 40), 
and which in the roentgenogram is characterized by its translucent and 
nearly invisible periosteal shadow. The distinguishing microscopic 
composition of loose myxomatous connective tissue merging into zones 
of fetal cartilage and chondral areas with an abundant hyaline matrix 
fringed by osseous tissue indicates its proliferative powers, yet identifies 
this sarcoma with the more benign tumors of the fibrocartilaginous 
group. 

14. Hyndman. O. R. : Hereditary Deforming Chondrodysplasia- Report of a 
Case, .^rch. Surg. 21:12 (July) 1930. 

15. Gcschickter, C. F.: Osteogenic Sarcoma. .A.rch. Surg., to be published 
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CLINICAL FEATURES 

The clinical features of primar}'- chondrosarcoma reflect in part the 
primitive histogenesis of this neoplasm. The frequency with which 
Negroes are affected (approximately 15 per cent) is unusual among the 
osteogenic sarcomas as a group, and suggests a lower evolutionary form 
of osteogenesis for this tumor. The extremely malignant clinical course 
also implies a primitive tissue of origin. These clinical aspects of this 
neoplasm, the tendency for the tumor to be related to periarticular struc- 
tures and the rapid clinical course with its usually fatal outcome may be 
singled out as fundamental characteristics of the growth. 



Fig. -40 (P. N. 42358).— Roentgenogram and gross specimen 
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in patients from 14 to 21 years, m the postad 



GESCHICKTER— FIBROCARTILAGINOUS TUMORS OF BONE 287 

fig. 41). The youngest patient in this series affected with a primary 
chondrosarcoma was 6 years, the oldest 45. 

The favorite sites for these lesions are about the knee and at the 
shoulder and pelvic girdles (fig. 42). The majority are about the knee 
in the lower end of the femur or upper end of the tibia, forty-six of 
seventy-nine of the neoplasms in this series being located at these points. 
In the lower end of the femur the line of insertion of the adductor 
magnus along the linea aspera and at the adductor tubercle on the medial 
condyle is the predominant focus. The point of origin of the lateral 



Fig. 41. — Chart showing age incidence among cases of primary chondromyxo- 
sarcoma. The solid line indicates the curve in seventy-nine cases of primary 
chondromyxosarcoma ; the broken line, in seventy-five cases of secondary 
chondromyxosarcoma. 

head of the gastrocnemius at the lateral femoral condyle is also occa- 
sionally involved. In the upper end of the tibia, the insertion of the 
quadriceps tendon at the tibial tuberosit\' is most frequently affected. 

The distribution of these lesions shows a relationship to points of 
muscular attachment and to articular regions where cartilage formation 
persists throughout life. These sites of muscle attachment are, as has 
been seen, those of the long muscles exerting a maximal traction, such 
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as the rectus abdominus, the quadriceps femoris, the adductor magnus 
and the gastrocnemius. As in the exostoses, the points of origin for this 
type of tumor show an anatomic peculiarity in the periosteum. Here 
the normal fibrous layers of the periosteum are interrupted to allow 
osseous fusion with the end of a tendon, and at the point of fusion, pre- 
cartilagino'us tissue, from which such structures as the adductor tubercle 
or the tuberosity of the tibia are formed, persists both beneath the 
periosteum and within the substance of the tendon. 



Fig 42 .-Incidence of primary 
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tion. Weight-bearing in the affected leg soon becomes painful, and 
limping is followed by the use of crutches, full relief soon being impossi- 
ble even when the painful region is put at complete rest. 

Examination reveals swelling in .the region of the flexed joint and 
a tumor with a rubbery consistency that is larger to palpation than the 
x-ray films would seem to indicate. Pathologic fracture is exceedingly 
rare because of the acute course and the periosteal nature of the lesion. 
Among the constitutional manifestations of primary chondrosarcomas, 
fever, leukocytosis and an enlargement of the regional lymph nodes are 
occasionally observed. The glandular enlargement is noted only in 
association with fever, and, to my knowledge, metastases to these glands 
have not been demonstrated by histologic examination, although such 
secondar}' growths in other forms of osteogenic sarcoma have been 
recorded in rare instances in this laboratory. These systemic reactions 
as well as a secondary anemia are late manifestations of the disease 
and should play no part in making the diagnosis. 

ROENTGENOGRAPHIC FEATURES 

Three important features are typical of the x-ray picture of primary 
chondrosarcoma. These are the faintly visible and fairly translucent 
shadow of the soft part next to the bone, the raising of the adjacent 
periosteum and the frequent absence of cortical or medullar}'^ involve- 
ment of the bone. The entire tumor is outside of the bone proper in 
early cases, and because its cartilaginous substance casts so little shadow 
on the film, this may well be considered the invisible tumor of the bone 
which is in danger of being overlooked or misdiagnosed by those 
unfamiliar with this early roeiitgenographic picture. When new bone 
or calcification of tumor origin is present, it is always sparse and has a 
tendency to take the form of finely radiating lines at right angles to the 
cortex (fig. 43). Unlike the “sun ray” or sclerosing typ^ of osteogenic 
sarcoma, dense shaggy lines of periosteal new bone are lacking. This 
type of sarcoma also differs from the sclerosing form in that it is less 
Iikel)f to involve the marrow cavity, and when doing so late in the disease 
produces bone destruction in the medulla rather than areas of increased 
density as in the sclerosing form (Geschickter 

This primary form of chondrosarcoma is to be distinguished from 
the benign osteochondromas in the roentgenogram, by its more faintl}’’ 
visible tumor shadow, by its more indefinite and infiltrating outward 
margin and also by the failure of the cortex beneath the tumor to form 
a base or pedicle for the growth as it does in exostoses. When such 
a chondromyxosarcoma arises as a secondar}' malignant change in a 
benign exostosis, this sarcomatous transformation in the benign tumor 
is ewdent in the roentgenogram by the blurring and blotting out of the 
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distinguishing lines differentiating cancellous from cortical bone in the 
base of the exostosis, and the whole tumor soon becomes a blurred and 
granulated mass (fig. 44). These secondary chondrosarcomas are dis- 
cussed separately in more detail below. 

The early stage of myositis ossificans may be mimicked (Lewis 
in appearance by the delicate lines of ossification in this form of 
chondrosarcoma, but in the sarcoma the outer border of the tumor 
never has the definite edge seen in myositis ossificans, and the laminated 
bony structure paralleling the shaft of the bone is absent. The favorite 



Fig 43 (P. N. 39114).— Roentgenographic appearance of the ^ j 
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GROSS PATHOLOGY 

Biopsy of these tumors reveals, beneath a raised and perforated 
periosteum, a pearly gray and shiny substance of varying consistency, 
some of it is well formed cartilage, other parts C3'^stic and hemorrhagic. 
The various lobules that compose the tumor show a tendency to extend 
lengthwise up and down the bone and around it, rather than to invade the 
marrow cavity. However, in advanced cases, the cortex is broken 
through, and neoplastic tissue infiltrates the medulla of the bone. It 
is such advanced cases with involvement of the marrow cavity by 
cartilaginous tumor substance that are most common in the older litera- 
ture, and for this reason there has been an erroneous conception that 
this type of tumor is of central rather than of periosteal origin (fig. 45 ). 



Fig. 44 (P. N. 32485). — Roentgenogram of a case of secondary chondromyxo- 
sarcoma arising in a benign osteochondroma. A shows the osteochondroma 
arising in the lower ramus of the pubic bone. B shows the same lesion three 
years later with definite malignant change. Note the granular character of the 
neoplasm, its immense size and the fracturing of the pubis and the ischium. The 
patient was a white woman, aged 30, who had known of the presence of the tumor 
for over three years. Deep roentgen therapy was administered, but the patient 
died of internal metastases five years after the treatment was begun. 


Small pockets that exude a sanguineous S3movial-Iike fluid are not 
rare in these growths. Such cystic areas containing what is a pseudo- 
joint fluid make the exploration of these neoplasms by one unfamiliar 
with their patholog3' an extremely dangerous procedure. IMyxomatous 
tissue contained in the outpouring fluid is the mother substance of these 
tumors, and is even more readily transplanted than is the m3^xoma of the 
benign chondroma (fig. 46 ). 
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One of the striking features of the tumor growth is the metastasis or 
gradual extension into the large veins. H. J. B. Fry reported a case 
in Avhich the tumor arising from the sacrum metastasized to the inferior 
vena cava and completely filled the right side of the heart with a soft 
cartilaginous mass. Phemister reported a similar case in which the 
cartilaginous growth filled the femoral vein by direct extension from a 
timior arising in the femur. 

In occasional gross specimens, the early lobules of the tumor may be 
seen sprouting from fibrous strands of a tendon such as the quadriceps 



Fig. 45 (P. N, 19419 ).-Specin.™ »£ a primary 
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microscopically by sections from properly chosen areas (fig’- 

quently, however, the tumor has extended sufficiently to obscure its mode 

of origin, and no definite conclusions can be drawn from the specimen. 


MICROSCOPIC OBSERVATIONS 

The analysis of microscopic sections of a series of cases of primary 
chondrosarcoma is essentially a study in miniature of the entire embry- 
olog)’’ of bone. Here the ver}'^ earliest stages of cartilage formation 
from connective tissues can he found as well as the advanced calcif} ing 



Fig. 46 (P. N. 41122). — Q-sts in the chondromatous tissue of a primao’ chon- 
drosarcoma occurring at the site of the tibial tuberosity. The patient was a white 
girl, aged 17, who complained of pain and swelling of four and a half months’ 
duration. She has remained well ten months following a primarj- amputation. 

forms. In addition, but less frequently, the phase of substitution bone 
which follows in the wake of calcified cartilage can be seen in the form 
of ossification proceeding from early connective tissue. At other times, 
although rarely, an intervening resorptive stage characterized by giant 
celt proliferation occurring before calcified cartilage is replaced bv bone, 
can be found in the more slowly growing areas of these tumors. This 
rehearsal of the entire embryology' of normal bone in distorted and 
abortive form by chondromyxosarcoma is explicable onlv on the basis 
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that^ the tissue of origin of this tumor represents the earliest type of 
undifferentiated connective tissue concerned with ossification. At this 
primidve stage, this tissue has the full potentialities of subsequent differ- 
entiation essential for all of the various structures of the future skeleton. 
Embryologicall 3 ^ such a tissue is best represented by the perichondrium 
which although primarily concerned with the proliferation of cartilage, 
subsequently differentiates into periosteum and develops the property of 
direct membranous bone formation. As previously explained, this peri- 
chondrium is closely allied or identified with the other types of precar- 
tilaginous connective tissue concerned with articular and periarticular 
functions. 



Fig. 47 (P- N. 27695).— Photomicrograph showing the embryonic connective 
tissue and fetal cartilage cells of a primary chondromyxosarcoma arisi g 
the ends of the tendon. The patient was a colored girl, aged 18, w o co p 
of pain and tumor in the lower end of the femur of four months u 
died six months after a primary amputation followed by irradiation. 


The fundamental basis of the pathologic process of primary chondm- 
myxosarcoma is to be found under the microscope m near } a 
sections taken from this type of tumor. Histologica^ y, e 
arises from a dense condensation of embryo-like connectne i 
cells of this tissue, which are either stellate or an _ elongated spmdl 
shape, give origin to a syncytium (fig. 48) 
of clear, h 3 fa]ine-like ground substance, m w ic 




Fip. -IS. — Studies showing the cycle of tissue differentiation in chondromyxosarcoma. A shows 
primitive connective tissue and fetal cartilage cells arising from a tendon adjoining the tumor. This 
i' the myxomatous stage.. B is from a metastatic lung nodule in a case of chondromyxosarcoma and 
vhows the more adult cartilage cells developing in a myxomatous matrix. C shows the margin of 
the tumor in a case of chondromyxosarcoma in which the primitive precartilaginous connective tissue 
is gi\ing rise to adult and calcifying cartilage. This is the cartilaginous stage. D is from the central 
portion of a chondromy.xosarcoma and shows the primitive connective tissue in the tumor giving rise 
to direct hone formation of neoplastic origin. 
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cells after assuming a rounded form, become embedded. This syncytial 
tissue is typical myxoma, and the scattered rounded cells with small 
dense nuclei and clear, deeply acidophilic cytoplasm are fetal cartilage 
cells. Later these cells surround themselves with small lacunae, which 
gradually talce a definite capsular form, abutting on the ground substance 
in a fashion that duplicates typical adult hyaline cartilage. This adult 
cartilage differs from that found at the normal epiphyseal line and in 
benign chondromas and osteochondromas in that the cells show less 
tendency to arrange themselves in definite columns and, in addition, con- 
tain nuclei that are larger, more vesicular and more frequently under- 
going mitosis. Fibrous septums dividing the cartilage into lobules are 
also more frequent and far more cellular in these malignant growths, 
and calcification occurs more sporadically and irregularly. 

This transition from fibrous tissue to cartilage with an inter- 
mediate syncytial or myxomatous stage (fig. 49) has been responsible 
for the connotation of chondromyxosarcoma given to this turner, on- 
trary to the traditional views of Ribbert,i« Sternberg,2“ Kolodny, and 
others, the myxomatous substance in these lesions is not a Product o 
cartilaginous degeneration but the predecessor of the later choiidra 
forms which are derived from it, a view that is J 

the studies herein presented and with which Eorst ts ® ^ 

The fact that mucoid cysts and pockets of syrupy synovia - 1 

to be found in association with these '^y,/th!s 

nomenon of degeneration but concerns the embryologic 
tissue plays in the formation of normal joint cavities. 

Bone formation is not prominent in these „„r- 

When found, the osseous tissue is usua y from normal 

lying the tumor and is either reactive^ • the dense embryonal 

periosteum, or ossification of tumor ongin arising ^ margin into the 

connective tissue strands dipping rom le 
tumor subriance (fig. 50). The 

produced, is neoplastic in origin an of the lung (figs* 

finding of similar areas m metas a ic ^ primary clion- 

and 52). This neoplastic “f taken as an indica- 

dromyxosarcoma, but when >t foe® orecartilaginous connecUve 

tion that the primit™ ™ . gfjferentiating in tivo direc- 

tissue from which these rtilage and the other a trans- 

tions, one toward the proliferation of cartila. 

-lyiSTrt, H.: Geschwolstlehre fUr Aer- nnd Stnd.erende, Boom 

Sternberg, K.: Personal jSSai Tumors of Bone 

21. Kolodny, A.: Bone Company of Clirago, 192'* 

and the Giant Cell Tumor, Surgical Pub teh g ^29. 

22. Borst, M.: Personal interview 
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Fig. 49 (P. X. 27695 ). — High powered photomicrograph of the lesion depicted 
in figure 47. This illustrates clearly the differentiation of fetal cartilage cells 
from the spindle cells forming the so-called myxoma. In the lower part of the 
picture there is shown an early cartilage cell secreting a capsule about itself. The 
cartilaginous tissue in this case is clearly proliferated from the preceding m 3 'xoma- 
tous state, contrary to the traditional A-iews that the mj'xomatous tissue is a 
degenerate product of cartilage. 
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formation toward adult periosteum with the production of direct 
membranous bone. 

From a diagnostic standpoint, it is sometimes extremely difficult to 
be certain of the presence of chondromyxosarcoma under the microscope 
and to distinguish these lesions from the more cellular types of benign 
chondromyxoma. In a review of many sections, the cellular nature of 
the connective tissue strands, the presence of myxoma and fetal cartilage, 
the malignant nuclei of the cartilage cells and the occasional presence 
of cellular areas containing round cells midway between fetal cartilage 
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HISTOGEKESIS 

From the standpoint of histogenesis, it is evident that this form of 
chondrosarcoma is related by location and b}’’ histology to primitive pre- 
cartilaginous tissue. Its occurrence at the sites -where tendons attach 
directly to bone and participate in the formation of normal bony pro- 
tuberances for the anchoring of such tendons shows that the develop- 
mental steps from connective tissues to cartilage to bone persist 
normally in these regions. Adequate evidence to substantiate such a 



I'ip. 51 (P, N. 31523). — Low powered photomicrograph of a metastatic nodule 
in the lungs of a patient dying of chondromyxosarcoma. 


conclusion has been presented in tracing tbe histogenesis of the benign 
exostoses (see page 245, section marked Histogenesis). 

The presence of this relatively undifferentiated fibrous tissue Avhich 
retains such embryonic functions at the sites where chondromyxo- 
sarcomas arise does not necessarily represent fetal cell rests in the 
sense of Cohnheim.-" The evidence educed here favors the view that 
the persistence of this tissue about periarticular points provides a normal 

23. Cohnheim. J.; Vorlcsungcn fiber .AJlgcmcine Pathologic Pin Handbuch 
fur Acrrtc uiicl Studicrende, Berlin, 1S77-1S80, 
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growth center which functions in maintaining tendon length in keeping 
with increased skeletal growth. This would account for the origin of 
these primary forms of ossifying chondrosarcoma during the age period 
of maximmn skeletal growth, and would indicate that the normal 
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gro\vth impetus and a normal cycle of histogenic differentiation at a 
gro^vth center is essential to the inception of this form of sarcoma of 
bone is substantiated by the study of the other t}fpes of osteogenic sar- 
coma which arise under similar circumstances. 



Fig. 53 (P. N. 20116). — Photomicrograph showing the cellular areas containing 
round cells midway between fetal and adult cartilage, cliaracteristic of chondro- 
tny:xosarconia ns distinguished from the benign chondroma. 


The close similarity between the mode of origin of the benign 
exostoses and the primary chondromyxosarcomas raises the question 
conccnhng the factors which determine whether a given neoplasm will 
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pursue a benign or malignant course. For it is fairly certain that at 
their inception the developmental state of the mother tissues is prac- 
tically the same for both benign osteochondromas and the malignant 
primary chondrosarcomas. Why, therefore, should the exostosis be 
such a slowly growing and benign affair and the chondromyxosarcoma 
with the same beginning, pursue such a rapid and malignant course? 

The onl3f explanation which comes to mind involves a matter of 
tissue balance, a subject on which there is little or no information. If 
one assumes that in exostoses the chondromyxomatous cap which repre- 
sents the neoplastic portion of the tumor is in balance with the ossifica- 
tion which proceeds from the bone beneath and that the overgrowth is 
caused by an exaggerated periosteal gap, then it becomes feasible to 
assume that in primary chondrosarcoma no such balance exists, and the 
neoplastic chondromyxomatus tissue outstrips the adjacent ossification 
and attains its malignant properties. 

On such a basis it is possible to explain the secondary origin of chon- 
drosarcoma in previously benign osteochondromas. These secondary 
malignant growths arise when a previously existing balance is over- 
thrown. This is usually in the adult when the adjacent bone has lost its 
power of ossification with increasing age, or in youth when trauma or 
some irritating agent acts to stimulate unduly, the grovdh propensities 
residing in the neoplastic tissue. 


PROGNOSIS AND TREATMENT 

Permanent cures, even when amputation is performed promptly 
ivithout a previous exploration, are rare in this malignant form of 
primary chondrosarcoma. In a fatal case the patient usually lives 
approximately fourteen and one-half months after operation. Since 
the average duration of symptoms prior to operation is five and one 
half months, a case of primary chondrosarcoma can be expected to run 
its entire clinical course within twenty months. Neither the age nor t e 
location of the growth greatly influences the ultimate results, rithoug 
apparently the prognosis is somewhat wmrse for children and w len e 
lesion is in the upper end of the humerus and of the femur. 
prolongation of symptoms previous to operation accompanie y e 
tion of the medullary bone shown in the roentgenogram imm s 
prospect of a cure. Incomplete initial surgical treatment mus ® , 

on unfavorably, but cures have been accomplished despi e } 

recurrence after an initial operation. _ rimndro- 

If there is failure in the operative procedure, 
sarcoma shows a marked tendency to recur loca y as we , jj ^ in 
size. The total number of cures in the 
this series for more than five years was two (table oj. 
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which amputation was performed, this procedure followed after radium 
treatments. In both of these cases microscopic verification of the diag- 
nosis is available in the laboratory. 

Deep roentgen therapy, either preceding the operation or given post- 
operatively, has no influence on the results as far as can be determined 
from this series of cases. When the patient has refused operation, 
deep roentgen therapy has apparently been helpful in alleviating pain, 
except in the more advanced stages of the disease. Its use, however, 
cannot be considered other than palliative in the dosages ordinarily 
administered. Radical resection and amputation, when used alone, are 
rarely successful in accomplishing a cure and should be used in conjunc- 
tion with a radium pack. In lesions of the skeletal trunk radical 
excision or resection, followed by thermal cauterization and radium 

Table 5 . — Results of Treatment in Cases of Primary Chondrosarcoma 


Total number of cases 77* 

Lost 4 

Total number of cases followed 73 

Patients followed less than five years and reported well 38 

Patients reported dead since 1925 13 

Number of cases followed less than five years 31 

Total number of cases followed for more than five years 42 

Number of patients living over five years 2 

Number of patients dead previous to 1925 40 

Percentaeo of five year euros 5% 


* Two recent cases have not been included in this table. 


therapy is worthy of a trial. The dosage in such cases must be adequate 
(15,000 millicurie hours) and competently administered. 

SECONDARY CHONDROSARCOMA 

In all of the benign tumors of the fibrocartilaginous group, the 
persistence and functioning of connective tissue of the embryonic pre- 
cartilaginous type makes possible the origin of secondary chondro- 
sarcoma which is superimposed on the original benign growth. 

In many of such secondary lesions evidence of the preexistent 
growth is easily traced, but in others, in which an obscure and latpnt 
defect has been present for many years within the tuberosity of a long 
bone, urgent symptoms are not manifest until the condition has taken 
on frankly sarcomatous features. 

Attention was first called to the latter type of tumor by Bloodgood 
in 1906, under the term of pure myxoma of bone. While not con- 

Surg.' K°7i?TDecO wk®""' A""- 
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Fig. 54 (P. N. 6773). — Secondary malignant change occurring m a benign 
exostosis. The cap of the lesion has been blotted out, and the base of the out- 
growth has been invaded by the destructive process of the chondrosarcoma. The 
patient was a white woman, aged 53, who had had a tender spot and a swelling 
on the shaft of the left humerus for over twenty years. She had noticed an 
increase in the lump for only nine months, with increased pain at this site. There 
was a history of syphilis dating back twenty-six years. This tumor was incised 
seven times within seven years, the final recurrence necessitating amputation at the 
shoulder joint. Three years after the amputation and ten years after the first 
operation, death occurred with metastases to the scalp and mediastinum. The 
microscopic structure of the tumor is shown in figure 66. 
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sidered primarily malignant, these lesions usually resulted in death from 
metastases after repeated recurrences over a period of years. To this 
clinical entity of Bloodgood, a secondarily rnalignant origin may now 
be ascribed on the basis of a restudy of all the cases thus classified by 
him in the Surgical Pathological Laboratory. These tumors occur most 
frequently in patients over 30 years of age and in the roentgenogram 
usually have the structure of a benign chondroma at their base within 
the bony tubercle but outwardly the translucent and indefinite shadow 
of a chondromyxosarcoma (fig. 54). 



Fig. 55. — Age distribution in cases of secondary chondromyxosarcoma. The 
broken line shows the incidence in seventy-nine cases of primary chondromyxo- 
sarcoma; the solid line, in seventy-five cases of secondary chondromyxosarcoma. 


CLINICAL FEATURES 

Most of these tumors occur in persons between the ages of 35 and 
55 (71 per cent), with the peak of incidence between the ages of 40 
and 45. They may, however, occur before the age of 30 (fig. 55). The 
location of these neoplasms in the skeleton differs from the primary 
form of chondrosarcoma in that there is a greater tendency for them 
to occur at the upper end of the humerus, about the ribs and at the 
heel (fig. 56). ^ The total duration of symptoms in these cases averages 
over SIX years in this series, varjdng from two to twenty-five years. 
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ARCHIVES OF SURGERY 


When this sarcoma develops secondarily in a benign cartilaginous 
growth, the history of the earliest phases of the disease can usually be 
elicited by careful questioning. The typical story given by such patients 
may begin with an injury many years before, the effects of which have 
subsided without apparent trace, or which remain in the form of a 
persisting lump of stationary size. There may be a history of rheumatic 
pains for many years or the consciousness that the affected hmb has 
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from the pubic bone near the symphysis) had caused pain and edema 
in the left leg because of blockage of the venous return. A similar case 
of sarcoma in a woman 50 years of age occurred twenty years after 
I'heumatic pains in the upper part of the arm near the deltoid muscle at 
the site of an old exostosis. 

The actual onset of malignancy in such neoplasms is difficult to 
establish. In some instances, the.' first lesion is obviously congenital. 
Judging from the primary form of this sarcoma and the subsequent 
rapid clinical course, the malignant change in these secondary tumors 
does not precede the onset of the acute symptoms by many months. 
However, the history of the case is often sufficiently vague so that the 
clinician must be on his guard against making a diagnosis of a benign 
osteochondroma on the mere circumstances of the long duration of the 

Table 7. — Clinical Features of Primary and Secondary Chondrosarcoma 


Origin 

Sox'. 

Race 

Most frequent ages 

Favorite sites 

Duration of symptoms 

Usual symptoms 

Trauma 

Pathologic fracture 

Constitutional manifestations, 


Primary 

Junction of tendon 
to bone 
Males. 2:1 
Blacks, 15% 

14 to 21 years 
About knee; upper 
end of humerus 
3 to 5 months 
Pain; tumor; 

tenderness 

22 % 

None 

Occasional fever; 
leukocytosis; 
enlargement of 
regional lymph nodes; 
secondary anemia 


Secondary 

Previous benign 
skeletal tumors 
Males, 2:1 
Blacks, 6% 

30 to 50 years 
Slioiilder and pelvic 
girdle; knee and heel 
2 to 25 years 
Pain; tumor; 

tenderness 

22 % 

6 % 

Systemic reactions 
rare; secondary 
anemia 


symptoms given. The degree of pain and the rapidity of the tumor 
growth are more trustworthy guides from the standpoint of diagnosis, 
but here again it must be borne in mind that benign exostoses which 
have been subjected to insufficient operation may, in rare instances, 
show similar features on recurrence, although no malignant change has 
taken place. In such instances, the x-ray picture and the biopsy 
constitute the most conclusive, evidence. Nevertheless, it is a good 
clinical rule always to suspect, a secondary chondromyxosarcoma when 
a history of indefinite rheumatic- pains-' for a period of from five to ten 
years is obtained from an adult with a lesion in the region of a cond 3 de 
or tuberosit}' of a long bone followed recent!}' (iii' the space of a few 
weeks) by a change in the character and intensity of the S 3 'mptoms. 

This is well illustrated by a recent case of a physician, 31 years of 
age. who had a lesion in the internal malleolus of the left tibia (fig. 57). 
From a roentgenographic standpoint, this tumor was ’ misdiagnosed a 
lienign gi'ant cell tumor. The location in an epiphysis, the central area 
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of debtruction and the age of the patient were consistent with such a 
diagnosis. However, the patient gave a history of injury and con- 
tinued weakness with occasional rheumatic pains in the left ankle dating 
back nineteen years. The acute symptoms of stiffness and soreness had 
been present only six weeks. This history suggested a secondary 
chondromyxomatous lesion, which was verified at operation. 

Trauma incident to the malignant change occasionally occurs in this 
group of tumors, but often the injury relates to the original benign 



( chondromyxosarcotna 

Fig. 57 (P. X. 43022). --Roentgenogram 0^^ 

embedded within the malleolus J dating back nineteen years, 

and continued weakness in *e present six weeks T e 

The acute symptoms of stiffness an ^ chloride was used, 

lesion was excised and cauterization ^v>th 50 Per 
patient has continued well for seven months. 

growth and is to be -sedated 

exostoses and kindred lesions ( chondrosarcomas, and m t ie=e 

fracture occurs in 6 per cent of seconda . _ ^ ^.mtruding tunior 


are occurs in 6 per cent of the protruding tumor 

eases the line of fracture often extendphro » 

mass 


the line of fracture ,,, b„„e (fig. 38). 

rather than through the bod; ot 
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Fig. 58 (P. N. 32317). — Secondary chondromyxosarcoma arising at the site of 
an old exostosis in a white man, aged 25. The malignant change occurred 
eighteen months previously, as far as can be determined, following a severe blow 
to the right thigh by an automobile crank. The tumor was explored, and the 
sections pronounced chondrosarcoma. Amputation was advised, but refused. 
The patient carried the tumor for four years longer at which time there was a 
pathologic fracture, and the tumor had reached such size that the patient con- 
sented to amputation, the specimen weighing 72 pounds (32.7 Kg.). The patient 
remained well two years after operation, despite a transient hemiplegia which 
occurred postoperatively. Six years after the first examination, however, his 
health began to fail, he became despondent and committed suicide by multiple 
stab wounds to the abdomen, .\utopsy was not obtained. The roentgenogram 
shows the original base of the exostosis and the splintering of bone and spotty 
calcification typical of secondary chondromyxosarcoma. 
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ROENTGENOGRAPHIC FEATURES 

The most easily recognized secondary chondrosarcoma is that in 
which distinct evidence of the nature of the primary lesion persists in 
the x-ray film and in which the superimposed malignant change is 
visible as a fuzzy infiltrating periosteal shadow. When a previous 



Fio 59 (P- N. 23284). -RotntS'””*'”"' W' 

L,an. .8ed 44, who had picture 

: Ihis region for two years, and ^ ,„eiaphrseal widening 

l,e patient refused any ‘»™^^f„y“,„,|.„„dro,na in this region. 

nuir is indicative of a preexisting ost ^ ^ 

r xi.ic original lesion 

steochondromn is «.ion in f- 

5„ally visible in the form of a widened 
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Fig. 60 (P. X. 42888). — Roentgenogram sho^\ing beginning malignant change 
in the upper end of the humerus of a patient who had multiple chondromas of the 
left hand and a benign chondromatous lesion of the upper end of the humerus. 
The invasion of the marrow ca\it}- and the pathologic fracture indicate a secondary 
chondrosarcoma. The patient, who was 50 years old, said that his left arm had 
al\\a\s been more crooked and shorter than the right and that the nodules on the 
left thumb and forefinger shown in the roentgenogram had been present for over 
forty \-ears. X'one of these tumors bothered him until two years previously 
following a fall on the ice. Since that time the upper part of the left arm had 
been painful, and the swelling there had increased rapidly. A resection of the 
upper end of the humerus was performed following which the patient died 
eighteen hours later of postoperative shock. 
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affected oi' adjacent bones, and the persistence of the more thoroughly 
ossified portion of the base or pedicle of the exostosis (figs. 54 and 59). 

In advanced cases, the entire tumor site becomes the seat of an 
infiltiating granular mass in which scattered elements of splintered 
osseous material may be seen. Destruction of the cortical bone with 
invasion of the medullary cavity follows, and pathologic fracture may 
occur (figs. 60, 61, 62 and 63). 

The most frequent sources of confusion in the diagnosis of secondary 
chondromy’^xosarcoma are benign osteochondromas, myositis ossificans 
and the sclerosing form of osteogenic sarcoma. The differentiation of 
this form of chondrosarcoma from a benign exostosis when both are 



Fig. 61 (P. N. 42888).— Roentgenogram of the hands of ^ 

figure 61, Note the chondromatous lesions in the left thum an or 


actually present in the same film is sometimes extremely difficult The 
most helpful point is the gradual Wottmg ou „alignant 

figuration of the benign lesion from aboue imv > ^ 

:h*ange (fig, 54). When the .be 

reaches the medullary cavity, and if . rj 60). In 

diagnosis of malignancy has been of relatively 

.nyositis ossificans traumatica in w _ differential dia?- 

ihort dureticn and has reached a re jpimtiou of ffic 

„oais is not difficult because of s ■')• B"' 

growth and its dense and laminated s ru 
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the myositis ossificans becomes progressive and the lesion becomv,s 
increasingly dense, shaggy and large, it is difficult to tell whether the 
growth IS still benign or whether secondary chondrosarcoma is present 
(fig. 64). In such cases the lesion is usually malignant, and the diag- 
nosis should be confirmed by biopsy. Sclerosing osteogenic sarcoma 



I'lg 62 (P. ly. -12888). — Gross spec.men of the rc-^ected humerus shown in 
figure 60 The cartilaginous tumor mass has imaded the shaft of the humerus 
and produced pathologic fracture \isiblc at the site of the cysUc area in the gross 
spccinien, hut shown onK poorly m the roentgenogram 

is to lie distinguished from this secondary form of chondrosarcoma 
Iw the gi enter density of the periosteal shadow and In the fact that it 
produces sclerosis of the marrow caviU rather than advanced destruction 
of cancellous hone. 
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As will be seen fror 
chondrosarcomas, there i 
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_• tumor mass s" 

Fig. 63 (P. N. «S88).--Micros«P^^^^^^ ,i3,„c seFrating 

i„ figure 63. Note fte prepared at opcrafon. 

chondral lobules. Tins was a froaeu 

the benign osteochondromas “’’‘j. atKn’P'™® *° 'll* 

^eoma“of the bone. The the benign car...: 

entiate these malignant lesioi pc 
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nous tumors from which they arise and to recognize them as secondary 
fonns of chondrosarcoma as distinguished from the primar>' form. 

In many cases, at the operation or in the gross specimen, the evi- 
dence of the original benign growth is plainly visible and will have been 
inferred from the roentgenogram. This is true in cases in which a 
benign exostosis, hereditarj^ chondrodysplasia, Paget’s osteitis deformans 
or multiple enchondroma are unquestionably present and the malignancy 
can be seen as a superimposed change with the more recent and rapid 
growth surrounding the old and more mature process (fig. 65). From an 



Fig. 64 (P. N. 27299 ). — A is a roentgenogram of a typical benign case of 
myositis ossificans; B (P. X. 27702) shows a progressive and invasive case of 
myositis ossificans in \\hich malignant change is to be suspected. 


analysis of the gross specimen and microscopic sections, it can be con- 
cluded at once tiiat the previous benign cartilaginous growth is only 
partly responsible for the more recent and more rapidly proliferating 
cliondrosarcoma. By this is meant that the cartilaginous structure or 
osteochondral mass built up by the preceding benign neoplastic growtli 
does not undergo transformation into sarcoma as a whole, but instead acts 
UN a fohsil remains which is gradually destroyed by the new malignant 
ttruwth arising from the more primitive connective tissue elements that 
always persist at the periphery of these tumors. 
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Histologically, this is evident in an emphatic way. At the site where 
the sarcoma is arising, there is always a reduplication and proliferation 
of the connective tissue elements, which are present only in insignificant 
proportions in the benign cartilaginous group and always interspersed 
with chondral elements in the primary chondrosarcoma. This prolifer- 
ation of connective tissue in the secondary chondrosarcoma soon takes 
on a myxomatous character, and it is because of the conspicuous amount 
of this myxomatous proliferation present at the margin of these sec- 
ondary sarcomas that Bloodgood originally called attention to them 
under the term “pure myxoma of bone” (fig. 66). 


' \ Cl 


A. . 







\ i-r , 


LMSr . ' 


r f 


Fig. 65 (P. N. 39952) .-Gross M 

sarcoma arising from the periphery of a been present for o^er 

aged 18. Symptoms referable lo the amputation of the l.mb 

three years. The patient is living twelve mon ^bc dark 

Note that the fibrocartilaginous sarconria mass cartilaginous cap 

pedicle of the exostosis but that it is also present 
of the previously benign growth, 

fo nf this myxomatous tissue 

Aside from the relatively large preexisting henign 

seen under the microscope, and the^ secondarv diondrotarconn 

growths often found in the prinmn chondro^af 

differs pathologtcally in d 

comas. From the standpomt of m.croscoi 





GESCHICKTER— FIBROCARTILAGINOUS TUMORS OF BONE 325 

difficult to distinguish both the primary and secondary chondrosarcomas 
fj-Qm the closely related benign osteochondromas and chondromyxoma. 
In general, it is helpful to call attention to the more densely cellular and 
abundant character of the embr3''onic connective tissue strands, the inter- 
spersion of malignant round cells near these connective tissue strands 



Fig. 66 (P. N. 6773). — Microscopic structure of the lesion shown in figure 54. 
This portion of the tumor is composed entirely of embryonic precartilaginous 
connective tissue and fetal cartilage cells, embedded in a hyaline matrix. This is 
a so-called pure myxoma of bone of Bloodgood. 


where they border on m3^xomatous tissue and the appearance of large 
niultinucleated malignant cartilage cells with mitotic figures amid the 
chondral lobules, which will be found in the sections of both primar3' 
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chondrosarcoma and absent in benign cartifagi„„s 

PROGNOSIS AND TREATMENT 

When a malignant change has occurred in secondary chondro- 
sarcoma. the average duration of life does not exceed more than two 
or t iree years. In a small group of these cases, it is true, the duration 
may he from four to six years after many recurrences; there are six 
such cases m this series. In all probability the first recurrence in some 
of these cases was a benign growth, the malignant change following the 
recurrence. These secondary malignant tumors grow more slowly than 
the piimary chondrosarcoma and are probably influenced in this matter 
b}^ the advanced age of the person. If such a tumor is explored and the 
micioscopic section only is submitted for pathologic anatysis and prog- 
nosis. it is practically impossible to render an accurate opinion because of 
the gradual gradation from the benign chondromas, on the one hand, 
and the close resemblance to primary chondrosarcoma, on the other. If 

Table 8. — Results of Treatment in Cases of Secondary Chondrosarcoma 


Total number of case? SO 

Lost 7 

Total number of cases followed 73 

Patients followed less than five years and reported well 12 

Patients reported dcacl since u 

Number of cases followed Ic.ss than flye years 


Total number of cases lollowcd for more than five years 
Number of patients living over five years 

Number of patients dead previous to 1923 

Percentage of five year cures 


an x-ray film is available, however, the chances of a cure can be largd} 
estimated by the amount of bone destruction and the extent of t e 
invasion of the marrow cavity by the tumor. The greater the degiee 
of medullar}'’ involvement, the worse is the prognosis. 

The percentage of actual cures in this form of tumor is 
(table 8). Of the twelve patients living and well more than >Tar® 
after treatment, eight were treated by radical resection J 

In the other cases, curetting followed by cauterization witi le ^ 

iron and subsequent deep roentgen therapy or radium frea men 
pi, -shed a era. In one of the cases in which a rad.rf rese hon o, te 
jaw was done after sevei'al recurrences following excision. 

used following the re.section. . effectiveness of 

The remarkable feature in these cases of cure treatment 

radium and the number of recurrences ue 

before ultimate recovery was achieved. 1 performerl 

looked on as a cure of five years' duration, amputation uas per 
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four years after the original exploration. In two other cases there were 
numerous recurrences prior to the amputation or radical resection. 

All the patients who were cured except two were over 25 years of 
age ; in two the tumor was at the upper end of the humerus, and in two it 
extended above the midshaft of the femur. Cures in the upper portion 
of the humerus or femur speak for low grade malignancy in this type of 
tumor, since they are extremely rare in this location when the growth is 
primarily malignant. The actual role of the incomplete operation can- 
not be estimated in any of these cases, since it is possible that the 
original unsuccessful operations were performed on a benign tumor and 
a malignant change followed at a later date, closely preceding the final 
operative procedure. Unfortunately, exact microscopic studies on the 
tissue from each operation are not at hand to settle this point. However, 
in view of the many cases that have ultimately proved fatal after 
recurrences following incomplete operation, it is only fair to assume that 
radical operation is usually necessary at the outset of the malignant 
course to effect a cure. 

In deciding on the operative procedure, it is well to bear in mind 
that radium is effective in this form of sarcoma, when complete eradi- 
cation of the tumor cannot be accomplished by radical resection or 
amputation. If the tumor is cartilaginous and its benign or malignant 
nature is in doubt, it is best to excise with the cautery and follow with 
radium therapy. 

CONCLUSIONS 

The gradations in a single type of tissue differentiation met with 
in the osteochondromas (in which bone predominates), in the benign 
chondroma (in Avhich cartilage predominates) and in the primary and 
secondary forms of chondromyxosarcoma (in which myxoma and fetal 
cartilage predominate) seem to imply a close relationship between the 
formation of tumors and the factors concerned in the growth and 
differentiation of tissue (table 9). 

Apparently all of these various tumors have their origin in a single 
mother substance, an early precartilaginous connective tissue, and their 
varying degrees of malignancy are an expression of the rate and extent 
of differentiation in this tissue. When the rate of differentiation is slow 
and the extent of cartilage and bone formation is large, a benign 
exostosis results. When the rate of diffei'entiation is rapid and the 
amount of adult cartilage and ossification is small, the neoplasms take 
the form of a chondromyxosarcoma. When an intermediate condition 
prevails, a benign chondroma, showing a definite tendenc}- to malignant 
change in many instances, is produced. 

In all of these tumors, however, the character of the histogenic 
C3-cle is the same, implying that the tissue of origin and not the etiologic 
agent is the determining factor in this regard. Whether or not the 
rate and extent of differentiation that governs the degree of malignancy 
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is predetermined in the tissue at the time of the tumor’s origin or 
^ dependent on the etiologic factor precipitating the growth 

IS difficult to decide. Apparently, however, the etiologic factor is a 
secondary and variable influence. This is indicated by the fact that the 
benign exostoses may be accurately duplicated by gonorrheal spurs and 
arthritic osteophytes of known infectious origin, while similar benign 
growths such as those in multiple exostoses of the chondrodysplasia 
type show a definite hereditary tendency. That such widely divergent 
influences should find expression in a single form of neoplastic process, 
speaks for the preexistence of a normal growth cycle which may be thus 
set in motion, and which determines the development and character of 
the neoplasm. , 


Table 9. — Leading Clinical Fcahires of Tumors Derived from Precartilaginous 

Connective Tissue 


Tumor 

No. 

Oases 

Age 

Inci- 

dence 

Predominant 

Iiooation 

Average 

Dura- Treatment 
tion of Recom- 

Symptoras mended 

Predominant 

Microscopic 

Observations 

Average Percent- 
Dura- age of 
tion of 5 Year 
Life* Cures 

Bxostosis 

202 

10-25 

Lower end of 
femur; upper 
and lower end 
of tibia; upper 
end of humerus 

5 yrs. 

None or 
excision 

Adult bone; 
curtilage 

Not 

affected 

93+t 

Chon- 

droma 

71 

20-30 

Small bones 
of hands 
and feet; 
ribs; spine 

5yrs. 

Curetting 
with cauter- 
ization; 
radium for 
recurrence 

Adult 

cartilage 

Not 

affected 

95+ 1 

Primary 

chondro- 

myxo- 

sarcoma 

79 

14-21 

Lower end of 
femur; upper 
end of tibia; 
upper end of 
bumerus 

6mos. 

Radical 
excision or 
amputation 
and radium 
postopera- 
tively 

Myxoma; 20 months 

fetal cartil- in fatal 

age; cartilage cases 
and bone 

5 

Secondary 

chondro- 

myxo- 

sarcoma 

75 

35-55 

Lower end of 
femur; upper 
end of 
humerus; 
upper end 
of femur 

6 yrs. 

Radical 
excision or 
resection 
and radium 
implanta- 
tion 

Myxoma; 
fetal car- 
tilage; 
cartilage 

8-9 years 
in fatal 
cases 

24 


* Prom onset of symptoms to death. 

t There is a definite percentage of malignant change m these cases, 


Finally, the fundamental pattern of construction in skeletal tissues 
(the substitution of connective tissue by cartilage and of carti age y 
bone), the order of which is adhered to in evolution, m embryo o0 
and in all of the various forms of benign and malignant tumors m 
fibrocartilaginous group (fig. 1), indicates an inherent an 
sequence, wliich prevails in spite of the avowed law essnes 

^‘'The sequence or order of differentiation that 

group of tumors of the bone suggests that the ^ 

itself is part of the evolutionary process “f y mtnifested in 

an expression of the ever present tendency o var 
the derivation of form and pattern throughout tl 
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( Continued from page 174) 

BLADDER 

Tidiiors . — Caylor stated that so-called papillomas of the urinary 
bladder should not be considered as benign lesions but as low-grade 
papillary epitheliomas, for they bear the same relationship to epitheliomas 
of the bladder as low-grade squamous cell epitheliomas of the lip bear 
to the more malignant grades of epitheliomas in this organ. The 
removal of specimens from epitheliomas of the bladder as a diagnostic 
procedure is important, and the possibility of using diagnoses made 
from biopsy specimens as a basis for the development of a plan of 
treatment is emphasized. He also pointed out some salient features 
of less common malignant lesions of the bladder. 

Kretschmer reported 109 unselected 'cases of carcinoma of the 
bladder in which surgical diathermy was used. There were 87 men 
and 22 women in the series, the occurrence of carcinoma of the bladder 
being about four times as common in men as it is in women. Twenty- 
five patients (22.9 per cent) died in the hospital; 7 patients (28 per 
cent) died from pulmonary embolism and 4 (16 per cent) from pneu- 
monia ; 8 deaths (32 per cent) were the result of urologic complications : 
anuria caused 3 deaths, suppurative pyelonephritis 3, and uremia 2. 
In 70 cases, practically two thirds of the series, the condition was 

25. Caylor, H. D.: The Pathology of Malignant Bladder Neoplasms, with 
Especial Reference to the Grading of Epitheliomas, J. A. M. A. 95:1736 (Dec 6) 
1930. 

26. Kretschmer, H. L. : The Treatment of Carcinoma of the Bladder by 
Surgical Diathermy : A Report of One Hundred Nine Unselected Cases, J. A. 
U. A. 95:1728 (Dec. 6) 1930. 
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far advanced, and the results from the standpoint of core were hichlv 
unsatisfactory; the mortality rate also was high. In 23 cases in which 

the wTofT 'nnT'* involvement of 

the wall of the bladder, the results were unusually good. 

Sinith studied 50 cases of carcinoma of the bladder, m all of 

wiich operation was performed within the last ten years. In 11 cases 

the growth was excised; 15 patients were treated by electrocoagulation 

and 24 by the implantation of radium. Nine patients in the last group 

were treated by electrocoagulation of the tumor before the implantation 

of radium. 

Carcinoma of the bladder may be classified in two groups, the deeply 
infiltiating and the superficial papillary. In the first group, if the 
growth has not metastasized or extended beyond the wall of the 
bladder, it may be excised or destroyed with radium with about a 25 
per cent chance of cure. If the growth is situated on the trigone or 
about a ureter, the chances of success are much less than if it is situated 
in the dome or lateral wall. For these deeply infiltrating growths, 
diathermy has not seemed particularly suitable ; other methods have been 
preferable. Tumors of the superficial, papillary type are best treated 
by electrocoagulation. If the bases of the tumors are indurated, they 
may be irradiated by the implantation of one or two gold or platinum 
seeds. Although the immediate mortality in this group was only 7 
per cent, the later mortality from recurrence was slightly higher than 
in the group treated by excision or irradiation. 

Barringer stated that tumors of the bladder should be classified 
according to their relative malignancy, so that results can be compared. 
The papilloma with atypical cells should be regarded as a malignant 
tumor and so treated. In 127 cases of carcinoma of the bladder in 
which treatment by radium imf)Iantation was given, there Avere 45 
cases of papillary carcinoma, 25 (55.5 per cent) of which were con 
trolled for more than three years. In suprapubic implantation of ra !um 
the mortality is between 3 and 4 per cent, whereas in surgical remoAa 

the mortality is between 10 and 20 per cent. 

Bugbee,“® in a consideration of tumor of the bladder, s a e 
the medical profession seems willing to consider all tumors ° 
bladder as potentially .nalignant. Even the so-called femgn pa 
recurs ; it grows by direct extension, invasion or implantation, c 

27. Smith, G. G. ; The Treatment of Bladder Carcinoma by Irradiation a 

Diathermy, J. A. M. A. 95:1730 (Dec_6) 1930 Bladder, J. A. 

28. Barringer, B. S. : The Radium Trea 

M. A. 95:1734 (Dec. 6) 1930. Kretschmer, Smith, Giy/or and 

29. Bugbee, H. G.: Discussion of Papers ^ 

Barringer on Tumor of the Bladder, J. A. ^ • 
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cells have the characteristics of the cells of low-grade epithelioma. This 
type of tumor responds readily to fulguration and can be kept under 
control if thoroughly removed and if the bladder is kept under regular 
observation. From a practical standpoint, tumors of the bladder can 
be divided into three groups — papilloma, papillary carcinoma and infil- 
trating carcinoma — with a definite and accepted line of treatment in 
the first group only. 

[Compilers' Note.— The present concepts of vesical neoplasia are 
far from standardized. Although efforts are constantly being made 
to adapt treatment to the type of lesion based on the grading of tissue 
removed by biopsy, many still treat the tumors cystoscopically on the 
basis of their gross appearance. As Caylor and Bugbee pointed out, 
so-called benign papillomas are being more frequently classified as 
potential epitheliomas. Treatment by fulguration when they are typical 
of low-grade or border-line malignancy is accepted almost everywhere. 
In papillary or infiltrating carcinoma, radium, diathermy and surgery 
compete for precedence in case reports, the ultimate end-results never 
being satisfactory. However, in the pi'esent situation one should not 
be too critical of any of these efforts at treatment. Total cystectomy 
for carcinoma of the bladder is offered as a possible means of cure, 
since the operation of ureteral transplantation is now being placed. on 
a practical clinical basis.] 

Schar stated that the long inhalation of small amounts of naph- 
thylamine is not only detrimental to the organism, but fatal. The harmful 
effects of such inhalations may be divided into two groups : generalized 
toxemia and direct irritation. 

With general toxemia there are destruction of blood, anemia, a 
low hemoglobin content, decreased erythrocytes and removal of blood 
pigments from the spleen, as well as anisocytosis, poikilocytosis and the 
appearance of Howell- Jolly bodies and normoblasts. As further evi- 
dence of toxemia, there is cloudy swelling of the epithelium in the 
liver and kidneys, with a heavy central disposition of fat in the liver. 
There ma}'- also be leukopenia and lymphocytosis. Some workers in 
experimental carcinomatosis had already noted l3'mphocytosis in the 
earl}^ stages ; hence lymphocytosis ma)'^ be a manifestation in the pre- 
cancerous stage. 

With direct irritation, there is a chronic inflammatory process in 
the lungs involving the alveoli and interstitial tissues. The kidneys 
disclose chronic interstitial and proliferative nephritis with cloudy swell- 
ing of the epithelium. 

30. Schar, Werner: Experimentelle Erzeugung von Blasentumoren, Deutsche 
Ztschr, f. Chir. 226:81 (July) 1930. 
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The proliferative reaction with the drug is signihcant. Certai,, 
expenmciiters have demonstrated malignant changes in the lungs. In 
some 0 I le experimental animals, a tumor forms in the mucous mem- 
brane epithelium of the bladder. This has never been noted in rabbits 
piohably because they do not live long enough. Schar concluded that 
piocesses from papilloma to carcinoma are a direct result of the inhala- 
tion of naphthylamine. 

DhcrficuJiini. Briggs stated that although carcinoma and diver- 
ticulum of the bladder are common, carcinoma in a diverticulum or 
on the dome of the bladder is rare. Deming also observed the infre- 
quency of primary carcinoma in a diverticulum of the bladder. Ten 
cases have been reported, with 9 deaths. All the patients were men, 
8 of whom were in the seventh decade. 

Briggs reported a case in a man, aged 73, with papillary tumor 
of the dome of the bladder, and the sessile base of the tumor was in 
a shallow diverticulum. The neoplasm, the diverticulum and a wide 
section of the wall of the bladder were removed surgically. Death 
occurred on the fifty-fifth day after operation, probably from p3^elo- 
nephritis. 

Gill reported a case of carcinoma in a diverticulum of the bladder 
which was successfully resected. Ten months later the patient was 
well. He called attention to a rather unusual symptom of diverticula 
of the bladder in general, which, if it had been considered in this case, 
might have led to the discovery of the diverticulum before malignancy 
developed. The patient apparently had been suffering from indigestion 
for about eight )'eai's and had trvice sought aid for this trouble. On 
catheter drainage the feeling of fulness and discomfort in the lover 
part of the abdomen after eating was entirely relieved. Following 
operation the patient stated that digestive disturbances disappeare 
While the patient was seeking relief from the gastro-intestinal symptoms, 
signs or symptoms referable to the genito-urinary tract were not presen 
and observers probably gave little thorrght to the presence of a dirert ^ 
lum of the bladder as the cause of the abdominal complaint, n m ’ o 
a diagnosis not only the common maladies but the unlike } an ^ 
lesions that occasionally present themselves should be borrie ,• -p,.- 

EwelH^ stated that the association of diverticula ^ 
growth of the bladder with secondary involvement of the 

31. Briggs, W. T. : Carcinoma in Diverticulum of the Bladder, J. Uro 

(Nov.) 1930. 1 nf the Bladder; Case Report. 

32. Gill, R. D.: Carcinoma in a Diverticulum 

J. Urol. 24:521 (Nov.) 1930. . t.- ..rticulum of the Bladder. 

33. Ewell, G. H.: Primary Carcinoma m a Dnert.cu 

J. Urol. 24:649 (Dec.) 1930. 
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by the malignant process is common. Primary epithelioma of a diver- 
ticulum without involvement of the bladder is rare. The diagnosis 
of a primary malignant process in a diverticulum is not easy unless 
the tumor can be seen at cystoscopy. A history of hematuria in the 
presence of a diverticulum is suggestive of malignancy, as well as a 
demonstrable filling defect in the outline of the diverticulum as shown 
in the cystogram. 

If a malignant process is known to exist in a diverticulum the treat- 
ment should be surgical. Hunt expressed the opinion that extirpation 
of the diverticulum and the growth in the absence of external extension 
should produce better results so far as cure is concerned than is obtained 
in primary malignant disease of the bladder. Adequate preoperative 
treatment with drainage of the bladder is essential to safeguard the 
patient. 

[Compilers'’ Note. — Malignant tumors are not uncommon in asso- 
ciation with a diverticulum. The infection and inflammation and the 
occasional irritation from calculi are apparently conducive to the forma- 
tion of new growths, as the incidence of association of diverticulum 
and carcinoma is high. Target! described three cases from London 
museums ; in one case the diverticulum contained a large sarcoma, in 
another a papillomatous tumor, and in the third an epithelioma which 
grew into the diverticulum from the wall of the bladder. Young 
reported a case in which a carcinoma was found protruding from a 
penpoint orifice of the diverticulum. Hofmokl reported a case of 
a large single diverticulum filled with polypi.] 

Lower stated that diverticula in the urinary bladder are usually 
situated in the lateral wall near the ureters. The diverticulum was 
in the lateral wall in 62.1 per cent of a series of 151 cases; it Avas on 
the posterior wall in 21.2 per cent, rarely in the dome and seldom in the 
trigone. Diverticula may occur at anj’^ age, but they usually occur 
after the age of 50, as in 81.3 per cent of LoAver’s 151 cases. 

Many cases of calculi associated with diverticula have been reported ; 
the stones may be in the bladder, in the diA^erticulum or in both, or a 
dumbbell-shaped stone may lie partly in the bladder and partly in the 
diA'erticulum. Malignancy is not a rare complication. In 8 cases of 
the series a dNerticulum AA^as associated AAuth tumor of the bladder, 
and in 2 of these cases, a papilloma AA-^as present in the dAerticulum. 

Complete excision is the only procedure that leads to permanently 
satisfactory results. In the reported cases the operative mortality 
varied from 6 to 8 per cent. In LoAver’s series, in Avhich excision of 

34. Lower, W. E.: Diverticula of the Urinary Bladder, Sur^ Gvnec Obst 
52:324 (Feb. 15) 1931. . = . • 
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the diverticulum was performed, the operative mortality was slightly 
more than 5 per cent. In a few of the earlier cases, there has been 
recuiience and a second operation has been performed. 

If a radical operation is performed early and before renal impairment 
has become marked, the prognosis is usually favorable. Whether 
there will be a recurrence of the diverticulum depends partly on the 
manner m which the opening into the bladder is closed after the diver- 
ticulum is removed, and in part on whether the obstruction to the 
uiinaiy outflow is eliminated. If the musculature is not well approxi- 
mated, 01 if ati}'’ defect remains, this nia.y be the starting point for a 
recurrence. 

Walteis and Mulholland stated that there are three methods of 
resecting diverticula of the bladder. The first two methods are mainly 
intravesical operations. In one method the diverticulum is inverted and 
cut off, and the opening is sutured ; the other method is similar, except 
that a purse-string suture is placed about the neck of the diverticulum 
before inversion. The third method is by extravesical dissection. 
Diverticula of the bladder are almost always attached to the adjacent 
ureter. In order to avoid injury to the ureter it should be remembered 
that the vesical orifice of the ureter is in close proximity to the opening 
of the diverticulum into the bladder. All diverticula are associated 
with definite obstruction of the vesical neck. If the patient is young, 
the obstruction may be due to cicatricial urethritis ; if he is old, it usually 
is due to hypertrophy of the prostate gland or to a median bar. 

Syphilis . — Ajamil reported a case of vegetative syphiloma of the 

bladder. The capacity of the bladder was small, and when the cysto- 
scope was turned toward the trigone the bladder was found to be hidden 
completely by a papillomatous mass which extended from the base 
of the bladder to the neck and to the lower part of the urethra. The 
remainder of the bladder was only slightly congested around the vertex 
and lateral walls. Lesions of the trigone were formed by a number 
of pointed papillae which were set close togethei ; they were s ig y 
transparent in some places, closely resembling intense bul otis e e , 
with a characteristic slight slough on the apex of some o t le 
The Wassermann reaction of the blood and the Kahn test were n 
twice, but examination of the spinal fluid disclosed syp n is. . 

On the basis of this positive result a final s^i'phihs was 

syphiloma of the bladder, concomitant with prostatic )P 

35. Walters, Waltman; and Mulholland S. W. i jp^O. 

Report of Six Cases, Proc. Staff Meet., y yj 25:53 (Jan.) 

36. Aiamil, L. F.: Vegetative Syphiloma of the Bladder, J. Urol. 

1931. 
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made. Thirty centigrams of neoarsphenamine was injected intra- 
venously. Two days later all vesical symptoms had decreased notice- 
ably; the dysuria and pollakiuria had almost disappeared, the urine 
was less purulent, and the fever was lower. Three days after the 
injection cystoscopy revealed that all the papillomatous lesions had 
disappeared; only slight congestion of the surface of the trigone and 
vesical neck remained. 

Stone . — Mombaerts attempted to ascertain by experimental study 
why approximately 50 per cent of stones of the bladder are not detected 
in the roentgenogram, whereas only 1.2 per cent of stones of the kidney 
(Arcelin) are not detected in the roentgenogram. Regardless of their 
composition, all stones of the bladder, if examined roentgenologically 
outside of the body, produce definite shadows. The opacity of a stone 
is a function of its atomic weight and of its thickness. Density inter- 
feres only rarely; a dense stone made of uric acid is less opaque than 
a porous stone of calcium phosphate. The projection of the shadow of 
stone on the pubic shadow does not make it less visible. A slight dis- 
placement of the shadow during the pose considerably diminishes its 
visibilty. Liquid in the bladder markedly lessens the shadow of a stone. 
If stones are put into water and examined by roentgen rays the most 
opaque ones become indefinite in contour, whereas the less opaque 
ones disappear. Shadows of any stone will not appear if the quantity 
of liquid is sufficient, whether it is normal urine, bloody or purulent 
urine or distilled water. In examination of a full bladder, the most 
penetrating rays will give better results. Soft parts play the same 
role as water. If the bladder can be filled with air, the opaque stones 
cast a better shadow. This procedure is not always simple; it is not 
always reliable and is sometimes harmful. If the bladder is filled 
with colloidal silver, the slightly opaque stones show better but the 
others disappear. It is Mombaerts’ conclusion that before a roentgeno- 
gram is made the bowel should be empty, opium should be used to 
quiet peristalsis, enemas which may leave water in the rectum should 
be avoided, the patient should stop breathing, pressure should be applied 
on the bladder and it should be emptied completely. 

[Compilers’ Note. — It is well known, yet worthy of emphasis, that 
in a considerable number of cases the plain roentgenogram fails to reveal 
the presence of vesical calculi of considerable proportions. Every 
cystoscopist is occasionally surprised to find an unsuspected stone which 
the plain roentgenogram failed to reveal. Mombaerts’ explanation of 

37. Mombaerts, Jean; Pourquoi certains calculs de la vessie sont-ils invisibles 
a la radiographic? J. d’urol. 28:113 (Aug.) 1929. 



336 


ARC HI FES OP SURGERY 


this fact IS timely and die preparation of the patient and the technic 
of expostiie that he advised are worthy of trial.] 

iVearo./.r.--Hunnei-« stated that one of his chief contributions 
owaid the solution of the problem of neurosis of the bladder is insis- 
tence on a personal study of the urine. In certain cases there may 
e extreme discomfort of the bladder, with pain reflected to the pelvis 
and lower part of the abdomen, frequency of urination and nocturnal 
and diurnal incontinence, although urinalysis may yield negative results 
and cystoscopy reveal nothing but urethritis or urethritis associated 
with tiigonitis. In more than 200 cases of elusive ulcer, there were 
4 01 5 in which, after years of intermittent treatment, symptoms ceased 
ei'Cn though the cy'stoscopic picture ivas similar to the one present for 
years. In about the same number of cases healing had apparently been 
complete. Cj''stoscopic examination did not reveal a trace of inflamma- 
tion except the white scars of former ulcerous areas, and the urine 
ivas normal. 

One of the simplest methods of effective treatment for elusive 
ulcer is the instillation of a 1 : 500 solution of silver nitrate twice a 
week, 30 cc. being left in the bladder. Some patients obtain more 
relief from the direct application to the ulcerous area of a 10 per cent 
solution of silver nitrate. In many cases the relief lasts for four or 
five weeks, when symptoms become worse and require another treat- 
ment. Hunner preferred fulguration under complete narcosis when 
simpler devices fail to give satisfactoiy relief. In most cases benefit 
from this treatment lasts from six months to two years. 

It is probable that the ulcer recurred in 6 of 25 cases in which 
operation was performed; time will probably show a large percentage 
of recurrence. In his series of 137 cases of elusive ulcer, operation 
was performed in 48. One patient died as a result of inefficient care 
after operation and 26 patients (42 per cent) rvere known to have 
recurrence. He had not performed operations foi this condition since 

gathering these statistics. 

In 100 consecutive cases of ureteral stricture, vesical symptoms uere 
present in 71. In 33 of these the symptoms were marked and more or 
less constant, and in 38 they were mild. Many of the patien s ^ 
rather severe vesical symptoms during attacks of rena pam o ^ 
partial or complete closure of the stricture. In a ^ 

of ureteritis, infiltration of the urethra occurred in . t,f-etcral 

In more than 250 cases of partial or comp ete 
stricture was usually found to be the cause. ^ ooc ^ 
obtained in most cases by restoring good drainage of the . 

G. L.: Neurosis of the Bladder, J. Urol. 24:567 (Dec.) 1930. 
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by the elimination of distant focal infection. Excellent results followed 
the treatment of nocturnal incontinence of children by tonsillectomy. 

Dermoid Cyst . — Kalo noted the rarity of dermoid cysts of the 
bladder. The literature reveals that they may occur in almost any 
organ, but they usually occur in the ovary and adjacent regions. Kalo 
reported a case in which he expressed the belief that the cyst originated 
in the right ovary. The patient, a woman, aged 57, had had urinary 
difficulty for many months. The urine was cloudy and infected. It 
became clear following irrigation of the bladder. It contained droplets 
of cholesterol-like substances. Above the right ureteral orifice was an 
opening from which came cloudy turbid luaterial, as well as hair; this 
was especially pronounced on suprapubic pressure. A cystogram 
revealed a shadow about 7 cm. in diameter to the right of the bladder. 
A tumor was removed at operation ; it was 5 by 7 cm. and contained 
bone and hair. Evidence of malignancy was not found. 

Kalo noted only two similar cases in the literature. Delore and 
Alimartin reported a case of left ovarian origin in a woman, aged 58. 
Rejschek reported a case in a woman, aged 37. Kalo stated that the 
invasion through the wall of the bladder might be considered as evidence 
of malignancy, although microscopic evidence of malignancy was not 
found. 

Appendiceal Fistula . — Chauvin reported a case of cecovesical fistula 
of simple inflammatory origin. This lesion is much less common than 
fistulas of tuberculous or neoplastic origin. Inflammatory fistulas often 
permit complete and satisfactory surgical treatment, that is, suture of 
the bladder and of the intestine after resection of the fistulous tract. 
Appendicitis is the most common cause of inflammation; it was the 
cause in 4 of 23 of Albano’s cases of nontraumatic fistula, in 6 of 32 
of Pristavesco’s cases, in 3 of 57 of Douglas’ cases, and in 9 of 292 
of Pascal’s cases. The abscess of the appendix may unite a mass of 
intestinal loops and these may be in contact with the bladder; conse- 
quently, the communication between the bladder and the intestine may 
be found far from the ileocecum. The diagnosis of this disease is 
simple when three characteristic symptoms are present; (1) the transit 
of fecal matter into the bladder or the presence of urine in the bowel, 
(2) pneumatuida or (3) a fistulous opening in the bladder discovered 
at cystoscopic examination. 

39. Kalo, Andreas : In die Blase perforierende Dermoidcvste Ztschr f Urol 
24:330. 1930. ' • • . 

dO. Cliauvin, E. : Fistule caeco-vesicale d’origine appendiculaire. Bull, et mem 
Soc. nat. d. cliir. 56:559 (April 9) 1930. 
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[Compilers’ Norn— Fistulas may. arise between the bladder and 
rectum coloii, ileum, cecum or appendix. Trauma during operation 
or accidenta injury may be the cause. Inflammatory rupture fL the 
visciis into the bladder may occur. More often tuberculosis or neoplasia 
IS lesponsible for the spontaneous development of fistula. Pascal, Craig 
and Lee Brown, and Biyan have written extensively on the subject 
Rectovesical fistula was found in 135 of 195 cases. Separation of 
Bie bladder and intestine witli suture is usually followed by good results 
in the absence of tuberculosis and actinomycosis. The prognosis in 

cases of neoplasia depends on rvhether the tumor can be resected com- 
pletely.] 


PROSTATE GLAND 


Hypcrtrop]}y. — Thomson- Walker stated that when McGill first 
advocated the suprapubic operation for prostatectomy, it was generally 
accepted that about 30 per cent of all men more than 55 years of age 
had abnormally large prostatic glands, but that onfy about 50 per cent 
of them had significant symptoms. Unless there was frequency of 
urination due to infection of the bladder or partial or total retention 
of urine, the enlargement of the gland might be disregarded. Infection 
and retention demanded surgical aid, which was afforded by the occa- 
sional or the habitual passage of the catheter. Patients with enlarged 
prostate glands were taught to pass a soft catheter and were instructed 
to pass it once or twice a day. The introduction by Mercier of the 
coude or curved gum-elastic catheter was to be a great step in treatment 
in these cases. The cumbersome mahogany case holding catheters was 
eliminated, and patients carried one catheter in their walking-sticks 


or umbrella-sticks. 

Treatment with a catheter was not always successful. In certain 
cases the difficulty of a much distorted prostatic urethra or the inabi itj 
of the patient to learn to pass the catheter prevented the adoption o 
this method. In acute retention of urine a metal catheter nng it ^ e 
forced through the obstruction, tearing through the gland an orm & 
a new channel. Tapping the bladder with a metal trocar and canm. a 
above the pubes, in the perineum or through the rectum, uas 

common method of treatment. , , 

McGill noted three cases in which suprapubic opera lO c ^ 

successfully performed for chronic prostatic 

tion consisted of opening the bladder an p,e 

a hypertrophied prostate gland Avluch prevent P « 

urine from the bladder into the urethral canal. 

and Prostatccfom}'. 

41. Thomson-Walker, John: Enlarged Prostate 
l;il63 (May 31) 1930. 
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Gouley, of New York, was the first to formulate a plan for perineal 
prostatectomy. The intravesical enlargement of the prostate gland is 
first explored through an external perineal urethrotomy wound. If 
a median outgrowth or isolated tumors are discovered, the prostatic 
urethra is dilated and incised laterally and the outgrowths are removed, 
preferably by an ecraseur. Harrison recommended a similar operation 
with subsequent prolonged drainage. 

White noted that in about 20 per cent of cases following suprapubic 
prostatectomy the bladder does not regain power. He considered that 
possibly the analogy between uterine fibromyoma and prostatic over- 
growth is a real one. Castration might have the same efifect on the 
latter that oophorectomy has on the former, and cause shrinkage or 
atrophy that would result practically in the disappearance of the obstruc- 
tion. He did not have the courage of his convictions and never seriously 
recommended the operation. Others acted on his hypothesis and the 
operation of castration as a method of treatment for prostatic obstruc- 
tion was practiced generally. 

The mortality caused by suprapubic prostatectomy in McGill’s 24 
cases was 16.6 per cent. Belfield, in 1890, placed the mortality from 
the operation at 13.6 per cent. The mortality after castration, which 
White had expected would be negligible, was 19.4 per cent. 

The renaissance of prostatic surgery occurred during 1900 and 
1901. Prostatectomy, both by the perineal and by the suprapubic route, 
found new advocates, and expanded to become the accepted method 
of treatment for prostatic obstruction. The handicap of the perineal 
operation had been the difficulty of reaching the gland by this route. 
In America, Young had been the chief advocate of the perineal opera- 
tion, and it is due to his advocacy and fine record of results that perineal 
prostatectomy retains a place among American surgeons. In 1901 
Freyer reported four cases in which he operated for radical cure of 
the enlarged organ by total extirpation. The method described by 
Freyer was at once adopted by surgeons all over the world. 

As a result of watching these cases and from his own experience 

it seemed to Thomson- Walker that hemorrhage, if not the direct cause 

of death in many cases, is a predisposing factor. Although the removal 

of the prostatic urethra was usually not attended by the risk of traumatic 

stricture, there w^ere, unfortunately, numerous exceptions; the traumatic 

stricture of the urethra that followed prostatectomy was difficult to 

treat. Thomson-Walker also realized that among other points in technic 

a clean cavity, without capsular shreds or partly detached masses ^of 

prostatic tissue and mucosa, was necessary in order to prevent 

sistent infection after the operation. Keeping in mind the d^T 

Freyer’s operation, he introduced (1916) a method of ^ ° 

upen operation. 
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n the hope of preventing the occurrence of such complications. He 
las used the method m an increasing number of cases until it lias 
become his routine practice. The operation avoids placing the finger 
m the lectum, and hemorrhage is controlled by free exposure and 
igatme. All tags, flaps and nodules that might cause sepsis or post- 
operative obstruction arc removed, and the -prostatic vesical orifice 
opened to prevent contraction. 

Chynoweth stated that in a study of 500 patients with urologic 
disorders, aged from 28 to 84 3 '-ears, approximately 70 per cent had 
some form of prostatic disease. Of these 70 per cent, 60 per cent gave 
a definite history of venereal disease and almost 10 per cent had infec- 
tions of the teeth or tonsils or both. Two or more pus cells to the 
field were found in approximately 60 per cent of the prostatic smears. 
In 12 per cent of these cases a diagnosis was made of simple congestion 
of the prostate gland. The ages of the patients ranged from 28 to 45. 
In 50 per cent of the cases benign prostatic h 3 'pertrophy was sufficient to 
cause urinary retention; in 12 per cent retention was complete. Of 
the cases of prostatic hypertroiihy 53 per cent were extravesical enlarge- 
ment, palpable by rectal examination; 20 per cent were combined intra- 
vesical and extravesical enlargement, determined by cystoscopy and 
rectal examination ; 10 per cent were of the intravesical type, as ascer- 
tained 63 '- C 3 ^stoscop 3 '' and rectal palpation, and 12 per cent were bar 
obstructions with or wdthout involvement of the lateral lobe. Prostatic 
bar enlargement is usually associated with fibrosis at the neck of the 
bladder. In 5 per cent of the series of 500 cases the condition of the 
prostate gland was malignant. 

The size of the gland as determined by examination of the rectum 
and prostate gland does not alwa 3 "S indicate the degree of obstruction 
produced and does not give complete information as to the condition 
of the gland. Certain adenomas grow rapidly and produce obstruction, 
others grow graduall 3 ^ In this series 22 per cent of the prostate g ai 
were found to be normal by rectal palpation; in 20 pei cent tie en t j, 
ment was noted by cystoscopic as well as by rectal examination. 

As a rule, in the presence of persistent residual urine 0 • 

or more, the prostatic condition tends to progress, an , 

cedttres are indicated in most cases. If surgical treat, nen .s .ncl.mte 
it should be undertaken before renal function is (ji„«eroiis. 

paratively simple operation if not done in hme may be daiigero 


Interference with renal function means 


inefficient elimination of waste 
Caused by Intra-Extra Vesical 


42. Chynoweth, W. R. : Prostatic ") 1930 

■Hypertrophy; Review of '500 Cases, J. Urol. 24:669 f ■> , ' 
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products and favors toxemia wliiclr affects all tissues of the body, 
inducing the final stage of uremia. 

Spinal anesthesia was chosen for 90 per cent of the piostatectomies, 
thus minimizing postoperative renal depression, gastro-intestinal distress 
and pulmonary complications. In the other 10 per cent of cases gas 
anesthesia was used. 

Gibson stated that primary closure and healing are applicable to 
wounds of perineal prostatectomy, and that closure can be made the 
rule rather than the exception. Gauze packs or distensible rubber bags 
for hemostatic purposes both offer a number of objections; They 
stretch open still farther the dilated prostatic cavity, which under ideal 
conditions should be permitted to collapse and shrink as soon as the 
gland is removed ; they cause the patient discomfort, not only by their 
presence but by their removal, and they delay healing by leaving, on 
their withdrawal, a temporary urinary fistula, which requires ordinarily 
from two to four weeks to close. 

Before primary closure can be done safely, all bleeding must be 
carefully controlled. The wound can then be closed tight without 
drainage, the urinary stream being taken care of by means of a retention 
catheter through the urethra. If bleeding cannot be checked satis- 
factorily by suture, the prostatic fossa must be packed with gauze strips. 

In perineal prostatectomy it is generally possible to get an adequate 
view of the neck of the bladder, and in most cases closure can be made 
without either packs or bags. In a consecutive series of 20 cases of 
perineal prostatectomy Gibson made a primary closure successfully in 
13. In the other 7 cases he was compelled to resort to packs to check the 
bleeding completely. Analyzing the two groups of cases with respect 
to the duration of postoperative convalescence, the average time spent 
in the hospital by patients for whom packs were used was twenty-two 
days. In cases of primary closure in which packs were not used the 
average time in the hospital after operation was sixteen days. 

[Compilers' Note. — Young described a technic of primary closure 
in perineal prostatectomy. Lower and Harris adapted primary closure 
to the suprapubic operation with reasonable success. Gibson, inde- 
pendently of Young, developed a similar technic. In spite of the 
theoretical arguments in favor of primary closure as an ideal procedure, 
it is slow in gaining popularity. Reconstructive operations that tend to 
obliterate the prostatic fossa after prostatectomy are difficult of appli- 
cation, and the end-results of even the most enthusiastic advocates of 
the method are not consistently good. At best, Gibson saves less than 

4.3. Gibson, T. E. ; Primary Closure in Prostatectomy Sur-^ 82-'!^ 

(July) 1930. ■ ^ - 
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a week in the hospital in about 60 per cent of his cases, and avoids some 
transient pain. We consider tlie operation of primary closure an ideal 
objective but still in the developmental stage. Much more clinical 

experience with the procedure will be necessary to give it proner 
evaluation.] ^ ^ 

Carcwoiiia.—Colston divided carcinoma of the prostate gland into 
tin ee groups: 1. Cases suitable for radical operation. Since carcinoma 
of the prostate ^ gland in the earliest stages does not cause symptoms, 
the cases in this group are few. Tlie growth may be comparatively 
small and limited to the gland. If a radical operation is to be performed 
satisfactoiily the growth must not have extended beyond the capsule, 
into the seminal vesicles or to the base of the bladder. 

2 . Cases of carcinoma without obstruction, in which the growth 
has extended usuall}^ upivard into the seminal vesicles and pelvic lymph- 
nodes, or to the base of the bladder. Metastasis to the bonds of the 
pelvis or lumbar spine may or may not be present. Patients with this 
type of growth are best treated by a combination of radium and roentgen 
rays. In many of these cases, death from cachexia and widespread 
metastasis ma}^ occur with little if any increase in the size of the 
original tumor, 

3. Cases with more or less urinary obstruction, with or without 
metastasis to bone. Conservative perineal prostatectomy or the punch 
operation are best in these cases. Of 268 cases of carcinoma of the 
prostate gland seen at the Brady Clinic between 1922 and 1927, the 
conservative perineal prostatectomy was performed in 107, the punch 
opei'ation in 25 and the radical operation in 13; radium and roentgen 
ra 3 '^s were used in 65, and in 56 treatment was not given. 

Conservative perineal prostatectomy is carried out under cauda 
anesthesia, which has resulted in a decrease in the mortality. In t e 
107 cases there were 8 operative deaths (7.5 per cent), about twic 
the mortality in the benign cases. It was noted that deatis rom 
pneumonia occurred before caudal anesthesia was used as ^ 
measure. Of the 99 patients who survived operation, on 3 
been traced; 13 of the 34 died within a year after operation, J 
within two years and 1 died four years aftei operation. , j-g 

is living, without symptoms, seven years after opera ion, . 

Hvl„g i years, a„o.ber five 

hematuria. 


44. Colston, J. A. C: Treatment of Urmary 
Disease of the Prostate, J. Urol. 24:656 (Dec.) IWU, 


Obstruction Due to Malignant 
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The postoperative course is approximately the same as in benign 
cases. A catheter is usually left in the urethra and withdrawn about 
the tenth day. There is a varying degree of incontinence which may 
persist for several weeks after urethral voiding has been reestablished. 
Of the 12 patients living more than two years after operation, only 1 
has partial incontinence. 

The ultimate outcome in malignant disease of the prostate gland is 
poor. In a certain proportion of cases a lasting functional result can 
be obtained which will restore the patient to a comparatively normal 
life, and no other operative procedure will give such satisfactory results 
as perineal prostatectomy. If left alone, these patients die of urinary 
obstruction, and if subjected to suprapubic cystostomy, invalidism is 
the result. 

Sarcoma . — Raap stated that in 50 per cent of the reported cases 
of sarcoma of the prostate gland surgical treatment was given. Kretsch- 
mer found 80 cases of sarcoma of the prostate gland previous to 1926. 
Deming, in 1924, collected 65 cases with an extensive bibliography, 
and stated that sarcoma was present in about 56.9 per cent. The 
classification included sarcoma, myxosarcoma, fibrosarcoma and lympho- 
sarcoma. Myxosarcoma constituted 25 per cent of the cases, fibroma 
constituted about 7 per cent, and there was an occasional myoma, 
rhabdomyoma, fibroma, papilloma, polyp and dermoid. Angiosarcoma 
and chondrosarcoma have also been reported. 

Albarran found that of 252 primary tumors of the bladder, 211 
occurred in males and 41 in females; only 6 of the patients were less 
than 10 3 'ears. One of the youngest patients, a girl aged 11 months, 
had a sarcoma in the bladder. This case was reported by Concetti. 

Raap reported the case of a boy, aged 4 months, with urinary reten- 
tion for one month. Catheterization revealed a grating obstruction 
in the posterior urethra. On rectal examination a tumor in the prostatic 
area was definitely outlined. Suprapubic cystotomy was performed. 
The patient died several weeks later and necrops}'^ revealed extensive 
prostatic myxosarcoma, together with bilateral hydronephrosis and 
hydro-ureter. 

[Compilers" Note. — In Young’s opinion the condition is rare, and 
primary sarcoma of the prostate gland is frequently mistaken for 
sarcoma arising in the retroprostatic tissues. A satisfactory method 
of treatment has not been found. Palliation by surgical procedures 
or roentgenotherapy is preferred at present.] 

45. Raap, Gerard: Sarcoma of the Prostatic Area in an Infant Aged Four 
Months; Case Report. Am. J. Roentgenol. 24:185, 1930. 
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PENIS 


C»,Tn,„,„„ Maudaire - stated that ia the diagnosis of carcinoma 
ot the penis syphilis must always be considered. The technic he advo- 
cated in 1903 was the complete extirpation en bloc of the tumor of the 
principal superficial lymphatic territory and of the inguinocrural glands 
on both sides. In the benign forms, the inguinocrural glands are often 
inflammatory. Majaux stated that these glands are neoplastic in from 
30 to 40 per cent of the cases. In some malignant forms complete 
extiipation of the lymphatics is justified. In such cases, as in cases 
of caicinoma of the breast, operation should include complete extirpa- 
tion of the infected regions, tumor, principal- superficial lymphatics and 
bilateral nodes. The deep lymphatic vessels of the breast must be 
left in place. Complete extirpation of inguinocrural glands necessitates 
a large wound and sometimes troublesome scarring. The wound often 
suppurates. Packing the wound instead of suturing is advocated. Mau- 
claire stated that elephantiasis may develop in the upper part of the 
thigh after removal of the lymphatics. 

Ferr}’’ reported a case in a man aged 78, Avho had a carcinoma 
of the penis following an operation for phimosis and balanitis. The 
tumor was treated by radium; the cure was rapid and has been main- 
tained for four years. Monod, in discussing this case, stated that 
carcinoma of the penis is a rare lesion in France, representing only 
from 2 to 3 per cent of all carcinomas, and affecting only patients who 
had suffered from phimosis. In India and Indo-China, this lesion is 
more common, comprising 17.5 per cent of all carcinomas, i i 
significance of phimosis as a cause is also demonstrated by the fact that 
the disease is almost totally absent among Mahometans. Syphilis is also 
a cause of carcinoma of the penis. Le Roy des Barres, who has a 
much experience in the matter, has observed it in 50 per cent o cases. 
The lesion of syphilis resembles epithelioma of the skin. Its e^o u 
is slow, taking three years as an average, although Ferrari has repo 
cases of twenty years’ duration. Recurrence is common, at oca 
Distant metastasis is rare. Enlarged inguinal lymph no ^ 
inflammatory, have been found in 70 per cent of cases, 
cases they have always been noncarcinomatous. ntfreno- 

Two methods of treatment may be used: operahon an roe 
therapy. The surgical treatment consists m removing e 
being taken to amputate as little of the penis as possi 

• j ' 'c 111111 et tnetn. Soc. 

46. Mauclaire : A propos du traitement du cancer du peni , 


nat. d. chin 56:710 (June 7) 1930. cancer de h verge- 

47. Ferry, G.: Les indications therapeutiques actue ^ 

A propos d’un cas gueri depuis quatre ans et demi. Bui . e 


56:618-627 (May 14) 1930. 
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undecided whether the inguinal lymph nodes should be removed. Le 
Roy des Barres does not remove them. Biopsy may be performed 
and, if necessary, the nodes can be removed later ; often this will not 
be necessar}'. In the opinion of Ferr3% Ferrari and Le Ro}'^ des Barres, 
but contrary to general opinion, roentgenotherapy gives excellent results 
in carcinoma of the penis. Radium usually leaves a normally function- 
ing organ. From the Institut du Radium the following statistics are 
noted: The end-results were traced in 16 cases. In 9 cure was com- 
plete ; in 1 case there was improvement and in 5 cases failure ; thus cure 
was obtained in 60 per cent of cases, lasting from three to eleven years. 
The surgical statistics from Legueu and Kuttner, in 1908, at the 
International Congress of Surgery give only 30 per cent of cases without 
recurrences (traced less than four years). 

[Compilers'’ Note. — A fair opportunity for cure of carcinoma of 
the penis is afforded by surgical procedures or the application of radium 
if the lesion is recognized earl}'. Increasing e\idence is available to 
show the superiority of radium treatment if applied properly, and before 
the growth has penetrated Buck’s fascia or metastasized to the inguinal 
or possibly to the deep pelvic lymph-nodes. The articles of Mauclaire 
and Ferry bring out the factors to be considered in the use of surgery 
and radium. Whether the inguinal glands are to be dissected out is 
a moot point. Those advocating radical operation will certainly feel that 
biopsy which shows definite metastasis would be an indication for radical 
dissection. Advocates of roentgenotherapy believe that this form of 
treatment is sufficient, that it maintains function of the organ and more 
cures for three or more years.] 

TESTIS, EPIDIDYMIS AND SEMINAL VESICLE 

Tuberculosis . — Felsenreich stated that the treatment for tubercu- 
losis of the epididymis is still an important problem. Several methods 
of treatment are employed : the radical method, castration and semi- 
castration ; a conservative operation, partial or complete epididymectomy, 
curetting or incision; roentgen therapy, and the conservative regimen 
with sunshine and similar measures. 

There were 235 proved cases of tuberculosis of the epididymis. One 
hundred ninety-seven of the patients were observed after operation and 
carefully traced. Three methods of treatment were used : operative, 
such as seinicastration, castration, and epididymectomy; roentgeno- 
therapy, including roentgen rays and sunshine; injections of iodine 
compounds, and baths and compresses. 

48. Felscnrcich. Fritz; Die Thcrapie dcr Xebenhodentubcrkulose und ihre 
Fcrnrc.'iullafe, Deutsche Ztsebr. f. Cliir. 224:383. 1930. 
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There were 61 cases in the fii'st group. Three years after operation 
45 per cent of the patients were free from recurrence. Most recurrences 
occurred within the first three years after operation. 

There were 50 cases in the second group. The patients were given 
roentgen treatment. It was found that frequent small doses were most 
satisfactory, the temperature, general reaction, increased pain and swell- 
ins' beins utilized as indicators of the treatment. In 34 cases, 32 per 
cent of the patients were free from recurrences; in 26 per cent recur- 
rence developed within three months and in 42 per cent it developed 
later. In this group 8 patients died, 6 from pulmonary tuberculosis 
and 2 from miliary tuberculosis. From the results in these cases Felsen- 
reich stated the belief that better results could be obtained with roent- 
genotherap}' in the presence of severe pulmonary involvement than with 


surgical procedures. 

The third group consisted of 38 cases. Most of the treatmen 
consisted of conservative local measures, such as the use o lo me 
ointments and sunlight. The severest cases were included m t is group 

and the mortality was 40 per cent within the first ^wo jears 

tion. In the entire series, patients who died ^ ° j 

had pulmonary tuberculosis. Felsenreich concluded, 

surgical tuberculosis affects the entire bo y, tiat i ^ j j yst 

tasis in most cases. The consideration of surgical tuberculosis m 

be preceded by the study and care of the 

Tumors of the Testis.— Champhn^^ ^Td rarely.' Similar disease 
identical (uniovular) twins T 

has been observed in twins more ^^io^ular twins, 

that fetal rest tumors especia y developed sarcoma of the 

The identical twins presented ^ j treatment and in the 

right testicle-fatal in one on account of delay 
other apparently cured by early remova . 

considered of inrpreg- 

the standpoint of sh„„ that the male is at fadt 

nation is due to the female. Statistics 

in about 1 case in 6. 55 Twelve patients 

Sixty-seven operations were 7 of the 12 

were operated on a second «« jaecaus^^f 55 ,es 
were cured by the second j 20 patients was discovered 

were not reported. The condition 2^ 

^pTaiampHn, H. Wn ,35 /pet, 15) 

Twins. J. A. ’e Male, Snr,. Gynec. Ohst. 52:330 (F 

50. Hagner, F. R. : bteniity 


1931. 
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the exploratory operation to be inoperable because of occlusion of the 
vas or absence of spermatozoa in the epididymis. Of the remaining 
31 patients, 19 (61.3 per cent) were cured, including the patients reoper- 
ated on ; 12 of the 19 patients cured became fathers of from one to six 
children, and in 1 case impregnation was followed by a miscarriage. 

Calcification of the Vasa Dcferentia . — Bianchini reported the case 
of a man, aged 34, who complained only of hematuria ; he had no other 
subjective or objective symptoms. The roentgenogram showed almost 
complete calcification of the vasa deferentia. The patient was not 
syphilitic and had been well up to the age of 19, when he had tuberculous 
epididymitis and a local cold abscess was opened. This and general 
systemic treatment effected a cure. He had been married for thirteen 
)^ears, and his wife had had an abortion in the fifth month ten years 
before examination. Eight years before examination she had a child, 
who was living and well. Bianchini believed that the tuberculous 
epididymitis caused the almost total calcification of the vasa deferentia. 
Obstruction of the vasa deferentia had developed slowly; it had not 
become complete until recent years. 

ANESTHESIA 

Bumpus stated that the use of spinal anesthesia became more 
general as a result of the development of less toxic drugs than cocaine. 
Delaup, in 1910, reported 1,239 cases; in 585 cases, operation was for 
genito-urinary conditions. Richards, in 1911, reported 500 cases, in 
219 of which operation was required for urologic conditions. Pauchet, 
in 1913, stated that he had used spinal anesthesia in 300 cases for 
prostatectomy; that it decreased hemorrhage, gave complete abdominal 
relaxation and rendered enucleation easy. The same year Morrison 
reviewed 1,295 operations, many of them performed for urologic condi- 
tions, including 43 operations on the kidneys, and noted that the danger 
incidental to spinal anesthesia was in lowering the blood pressure. 
Chute, in 1922, reported 328 cases of prostatectomy in which he 
employed spinal anesthesia without serious complications attributable 
to the anesthetic. Labat emphasized that the danger of spinal anesthesia 
is not from the fall in blood pressure, except when it produces cerebral 
anemia, but is attributable to the increased volume of blood in the 
viscera, due to splanchnic paralysis and vasomotor collapse. He 
expressed the belief that this cerebral anemia can be avoided by placing 
the patient in the Trendelenburg position immediately following the 

ol. Bianchini, .A.; Su di un caso di calcificazione quasi total delle vie deferen- 
ziali. .Ardi. di radiol. 6:228 (Jan.-Feb.l 1930. 

a2. Bumpus. H. C, Tr. ; History of Regional .Anesthesia in Urolo^n- T A 
M. 96:83 (T.an. lOl 1931. -• J- - - 
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intraspinal injection. Keyes, in 1928, stated that spinal anesthesia is 
admirably suited to all operations on the bladdei". For five years he 
had used capsules containing 120 mg, of procaine hydrochloride crystals, 
without fatalities. 

The first attempts at prostatectomy under parasacral anesthesia vere 
made in 1907. Farr experienced failure in 10 per cent of cases when 
the method was used for perineal and rectal operations. He supple- 
mented parasacral anesthesia with local infiltration which, in the case 
of prostatectomy, had to be extended to the capsule. 

Stoeckel, in 1909, published the results of a series of injections into 
the sacral canal during labor, and called the method sacral anesthesia. 
Lewis, in 1916, reported 85 cases in which he had used sacral anesthesia, 
with failure in 15 per cent. Pickins, in 1916, reported 81 perfect 
results and 17 failures in a series of 100 cases. Labat introduced the 
combined method of caudal block and transsacral anesthesia. 

The early methods of application of cocaine for urethral anesthesia 
were by injection in solution, and this remains the most common method 
of administration. Randall, in 1923, reported 5 deaths and 25 cases 
of alarming toxicity due to the use of cocaine in the met u a. 
is a wide divergence of opinion on the use of cocaine ^ for me ira 
anesthesia. Gardner reported the use of cocaine f ^ 

in approximately 50,000 cases without ill effect, an a i ^ 
not observe serious reaction. Livermore and Crorvdl repaid 3 d^stK 

Keyes stated that cocaine 

Mayo Clinic .t has been employed fo. P 

the last ten years with '“Linisttred by instillation. The 

from cocaine; m one instance it wa c preparations, 

important question is the dosage anc tie 
Stock solutions are said to become tox.c as a result of s 

fungus. . , ^„p,thesia is indicated less 

Chute found that the use of spi lo.ver part 

often in operations on the kidney than n p 
of the urinary tract; it is practica 7 ^are 

lower part of the urinary tract that opera- 

through back pressure. In cases o _ ^ ‘ _otraindicated, local procaine 

tion and in which inhalation ^ofinite indication for the 

hydrochloride anesthesia is used. T ^^^oessity for operation m 

use of spinal anesthesia m rendered especially sus- 

a condition in which both j Uon anesthesia as a result 

ceptible to the irritative action of xnhalatio ^ 

The H. of spinal Anesthesia . 6ro^ 

96:88 (Jan. 10) 1931. 
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urinary back pressure or infection, or of a combination of the two. 
Prostatic obstruction is the condition most often presenting this picture. 
In this condition Chute most frequently uses spinal anesthesia. Perineal 
section for tight stricture is another indication for the use of spinal 
anesthesia because of the back pressure that it often causes. Spinal 
anesthesia is particularly indicated and desirable in operations for 
extravasation of urine, because of the back pressure and sepsis that 
follows. 

Spinal anesthesia is contraindicated for nervous or mentally unstable 
patients or for those who are strongly prejudiced against its use. Chute 
rarely uses it for young persons. 

In 1922 Chute reported 328 cases of prostatectomy in which spinal 
anesthesia was used. Since then he has used spinal anesthesia in 512 
prostatectomies, mostly for the enucleation of the gland by the supra- 
pubic route. A certain number of the glands was removed b}’- the 
perineal route. In the 512 cases in which spinal anesthesia was used, 
88 per cent gaA^e satisfactory, 10 per cent fairly satisfactory, and 2 
per cent unsatisfactory results. In 43 cases a little supplementary 
anesthesia was used. Chute did not have any immediate or remote 
fatalities that could be attributed to spinal anesthesia in the 1,000 
cases in which it was used. 

Ewell stated that the use of a local anesthetic in the urethra is 
successful to a certain degree ; it permits satisfactory cystoscopic exami- 
nation and other manipulations in some cases. Cocaine is the only drug 
lhat will produce satisfactory anesthesia by topical application to the 
urethra; in Ewell’s experience the reactions from its use have been 
numerous and at times disconcerting. Cystoscopic examinations and 
all operative procedures through the cystoscope should be made as 
painless as possible in order to secure better cooperation from both 
the patient and the physician. Caudal anesthesia produces sufficient 
relaxation of the bladder for complete cystoscopic examination and 
treatment in all types of cases. The operative procedures are painless, 
and the work of the operator is facilitated. It also provides safe and 
reliable anesthesia for perineal opei-ations and operations on the external 
genitalia of men, and operations on the rectum and perineum of 
women. Intradural caudal anesthesia is recommended because of its 
simplicity and reliability: complete sacral block anesthesia can be pro- 
duced by a single intradural injection, whereas by the extradural technic 
the introduction of a needle and anesthetic solution into the sacral canal 
and into several or all of the eight sacral foramina would be necessarv. 

.''4. Ewell. G. H.: Intradural Caudal Anesthesia in Urolocv T ^ M A 9G- 
91 (Jan. ] O') 1931. 
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Because of the advantage of relaxation, intradural caudal anesthesia 
IS of special value for prostatic punch operations. 

Lund>r ^ expressed the belief that sacral block anesthesia is safer 
dian spinal anesthesia. The latter gives a greater degree of anesthesia 
in operations on the bladder for tumor or for diverticula than does 
sacral or abdominal block anesthesia, but for prostatectomy in patients 
who are elderly, especially if they are more than 70 years of age, sacral 
and abdominal block should be employed ; debility is a contraindication 
for spinal anesthesia. It is Lundy’s opinion that the technic for using 
ciystals of procaine lij'^drochloride in spinal fluid is proper, and he is 
not satisfied with the use of lighter and inferior solutions. Ephedrine 
is of value in supporting the blood pressure in certain cases. Hypotonus 
is a definite contraindication to the use of spinal anesthesia. 

Campbell stated that in 1920, at Bellevue Hospital, spinal anes- 
thesia was used in 5 cases ; for the last five years it has been the routine 
method for all urologic operations, except when contraindicated. Spinal 
anesthesia has been used in about 3,000 of their urologic operations. 
In only 4 cases was the cause of death attributed to the spinal anesthetic. 
One man died eight hours after prostatectomy. 

It is the practice at Bellevue Hospital to use ephedrine, allowing 
about twenty minutes before lumbar paracentesis puncture is made. 
Campbell expressed the belief that barbital hypnotics are preferable 
to morphine before operation. If the anesthetic is adequate pharmaco- 
logically, there is no indication for morphine and the administration 
of 1 grain (0.06 Gm.) of phenobarbital preoperatively will not only 
quiet the patient’s nerves but afford the barbiturate counteraction 
against possible procaine poisoning. Crystals of procaine hydrochloride 
dissolved in spinal fluid are used; this preparation has produced satis 
factory anesthesia in all types of urologic operations. 

UROGRAPHY 

Gumming stated that a combined method of fluoroscopy and urog 
raphy with the Cinex camera has given much satisfaction wi r m 
pretations of increasing value. The securing of a comp e e, 
timed series of films, showing the pelvis and 

emptying, will aid greatly in the making promise a 

photographs of the phases of pelvic and 

55. Lundy, J. S.: Discussion of 

and Sacral Anesthesia, J. A. M. A. 96:9 (Jan. 

56. Campbell, M. F.: Discussion of Fapecs by Bumpus, Chnlc 

Anesibesia, J. A. M. A. 96. <>4 /^Lopmcn. of a Ncv McW 

57. Cummmg, R. E.; ^^0 

Physiological Data, J. Urol. 24:58 ( ec. 
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more valuable basis than fluoroscopy for the establishment of accuracy 
in the interpretation of urograms. 

^Vesson stated that for ten years he has made double pyelograms 
as a routine precedure, using gravity pressure, and has not had any 
unusual reactions. The unpopularity of double p 3 ’-elography has been 
due to attributing to it the effects of surgical shock brought on by 
urethral instrumentation. Any patient who will tolerate bilateral ureteral 
catheterization is a subject for double pyelography, since lavage with 
1 per cent silver nitrate is more irritating than with 13.5 per cent 
sodium iodide. 

Wesson’s simple apparatus for pj'^elography consists of an 18 inch 
(45 cm.) ring stand, a double buret clamp, two 25 cc. burets, 80 inches 
(203 cm.) of one-eighth inch (0.3 cm.) rubber tubing, two adapters and 
pincbcocks. The head of the table is lowered ; when the column in 
the buret becomes stationary, the pelvis of the kidney is filled. Since 
only 18 inches of pressure is permitted by tbe apparatus, which is- 
placed on a low stand, there should be no overinjection, and the patient 
should not experience pain. 

Shapiro and Veseen'”’ stated that with the more common use of 
nontoxic solutions for pyelography, there is much discussion as to 
whether it should be used on both sides at the same time. Among the 
advantages of bilateral pyelograph}’’ are the time and expense saved 
the patient by completing the procedure at one examination. Shapiro 
and V eseen stated that there are also decided disadvantages, and reported 
5 deaths following and directly attributable to bilateral pyelography. 
In 2 cases thorium nitrate was used as the pyelographic medium; in 
1 case, 25 per cent sodium bromide, and in the other 2 cases, 12.5 per 
cent sodium iodide. 

Substances that are toxic when absorbed should be distinguished 
from those that are not, and in making a pyelogram a solution should 
not be used that cannot be injected, without injury, intravenously in 
the same quantities and concentrations. The former opinion, that forc- 
ing the pyelographic fluid into the straight tubules was the danger in 
pyelography is not now believed to be the case, except when great 
force is used. The highest mortalit}' and the most severe reactions 
seen when colloidal silver was used were in tbe cases in which there 
was evidence of systemic poisoning; hemorrhagic diathesis was com- 
mon. and necropsy showed the presence of colloidal silver in distant 
viscera as well as in the opposite kidney. Thorium nitrate in 15 per 

\\csson. M. B.: Interpretation of Pvelograms. T. Urol 2‘I-S95 fDec 1 

1930. 

.•'9. Shapiro. I. J.. and Veseen. L. L.: Untoward Results in Bilateral Pvelo"-- 
raphy. T. Urol. 24:621 (Dec.) 1930. 



352 


/iRCHlVES OF SURGERY 


cent sol«l,o„ was next to come into favor. It casts a satisfactory 
shadow on the roentgenogram, and Bnrns found that it was only slightly 
to-xtc expenmenlal work. Weld, in his experimental work, ta„ 
that sod.nra hrom.de l.ad a low degree of toxicity when used either 
.ntravenously or ... the pelvis of the Iddney, and the 25 per cent solntion 
cast a sal.sfacto.'y shadow on the roentgen plate. Graves and Davidoll, 
in luithcr experimental work with the bromide solution, found that 
It produced edema ^ of the bladder and partial retention of urine in 
labbits. Thiombosis of the small vessels with numerous small hemor- 
rhages was also seen. They ascribed this irritating effect to the fact 
that sodium bromide in 25 per cent solution is hypertonic as compared 
with noimal body fluids. Physiologic sodium bromide did not produce 
this condition. Cameron was the first to advocate the use of sodium 
and potassium iodide for pyelography, but because of its great toxicity 
it has been discontinued. He first used these salts in 17.5 per cent 
, solution, but strengtiis as low as 10 per cent have been found satisfactory. 
Sodium iodide is isotonic in a strength of 14.56 per cent and does not 
injure the mucosa of the bladder or kidney. 

In a case in which infection followed pyelograph}’-, the iodide solu- 
tion lowered the resistance of the tissues, and gave, the infection free 
rein. The pelvic and peripelvic blood vessels must have been the medium 
of transmission of the infection in order to give rise to abscesses 
situated solely in the kidney and perinephritic tissues. 

Intravenous Pyelography. — Teposu and Jianu have used iopax 
for intravenous pyelography since April, 1930, with satisfactory results. 
Five cases in which the method was of particular value were described 
and illustrated with roentgenograms. One case showed symptoms of 
tetany during the second part of the injection, which lasted for a period 
of about ten minutes. Following the intravenous injection of calcium 
the condition returned to normal. It is the contention of the authors 
that since this patient normally presented hypocalcemia, there was aten 
tetany which was activated by the injection. ^ 

Pye/o.yco/>y.— Hryntschak stated that pyeloscopy is used in a 
his cases in which a roentgen examination of the lenal 
cated, but he did not consider applying it as the sole met lo o ^ 
ining the filled renal pelvis. Pyeloscopy supplements pyelog P 
control of the filling process and in observation of ^ , 

By its nse it is possible to ascertain whether the hp » 
is in proper position in the renal pelvis, whetbei i las 

60. Teposu, E., and Jianu, S.; Intravenous Pyelograplvv, Clii 

(May) 1930. . Tt? Clinical Value and II-' 

61. Hryntschak, T.; Combined Pyeloscopy, Ith Clnnc 

Technique, J. Urol. 24:549 (Dec.) 1930. 
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too far in a calix or whether it has slipped down into the ureter, By 
direct observation during the injection, the proper quantity of fluid 
can be controlled, without relying on the statement of the patient. The 
statement of the patient regarding an approaching sense of tension 
frequently does not indicate the crucial moment. With pyeloscopy, the 
functioning of the organ in its various phases of physiologic activity can 
be observed. 

After introducing the catheter a plain plate is taken. Then the 
Bucky diaphragm is removed or the patient is transferred to the roent- 
een table, and the tube under the table is turned on. It is important 
to outline the catheter clearly and to make certain of the situation of 
its tip. With the excursion of the diaphragm a movement of the tip 
of the catheter should be seen. A solution of umbrenal or of 30 per 
cent sodium iodide is then slowly injected, after which it is possible 
to ascertain accurately whether the tip of the catheter is in the proper 
position in the renal pelvis. If the tip is too high, only one of the 
calices fills. The catheter must then be withdrawn accordingly. When 
the renal pelvis and calices are sufficiently filled, the injection is stopped. 
The syringe is attached to the left ureteral catheter in order to prevent 
any back flow. Careful examination of the filled renal pelvis is made 
to determine whether all of the calices are properly filled and ndiether 
the outlines of the pelvis and calices are sharply defined. This is the 
proper time to establish the relative position of the renal pelvis in respect 
10 shadows which may have been found in the plain plate, and in regard 
to palpable tumors in the region of the kidneys. Direct palpation of 
the tumor, displacement of the kidney by the palpating hand and change 
of the patient’s position will be found useful. After a careful study 
of the outlines of the pelvis, the first pyelogram is taken immediately. 
It is important to do this in the posterio-anterior direction, as that 
method fixes what has been seen and makes it available for future 
detailed analysis. Without further injection of any fluid the ureteral 
catheter is slowly withdrawn. The onset of peristalsis of the ureter 
may easily be seen even when the catheter is still in position. The 
shadow of the renal pelvis then enlarges to include the upper 1 to 2.5 
cm. of the ureter. The lower end of the shadow in the upper part of 
the ureter gradually converges to a point. At the ureteropelvic juncture 
contraction takes place, which forces the opaque medium in the conus 
down into the bladder. The formation of the conus should be consid- 
ered as the normal type of initial peristalsis of the ureter. In observing 
the emptying of the renal pelvis it is important to note the total time 
consumed in the process. It is known that a normal renal pelvis ejects 
about 1 cc. a minute. The time required for complete emptying of 
the pelvis can be readily estimated from the quantity of fluid injected. 
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Hryntschak slated the belief that a thorough acquaintance with the 
screen technic of examining the renal pelvis will, in the future, be a 
tremendous aid in intravenous pyelography. When proper blending 
of these two methods has been attained, there will be available the most 
appropriate and informative means of investigating the anatomy and 
physiology of the kidneys and ureters. 


DISEASE OF THE URINARY TRACT IN INFANTS 

Kretschmer stated that in disease of the urinary tract in infants 
and children the history of disturbances in the gastro-intestmal tract 
is of great importance, especially in cases of so-called relapsing pyelitis. 
Mere pelvic lavage without treatment of any gastro-intestinal lesions is 
not a progressive method of clearing up a renal infection. Instrumenta 
examination should not be undertaken until there has been a careful 
studv of the urine, preferably daily, roentgenologic examination of be 
urinary tract and estimation of residual urine, which should be amd 
out in every case in which there is a suprapubic tumor. . 

be to study the renal function carefully before 
to cystoscopic examination, ureteral "‘““y 

Malignant tumors of the kidney in infancy an cn lo 
Tumors of the kidney may be classified as to poin o „ 
arising in the renal capsule itself, which are ^e pareX” 

pehns, which are rare when ^ ™ common malignant 

and those of the renal parenchyma. an ahdomi- 

renal tumors. The one comstant symp on production 

nal tumor. Trauma probably ^ys a '^Jon in malig- 

of these tumors. Gross blood in *e,«n e *ch 
nailt disease in adults, is uncommon >" 

Obstruction to the outflow of urm J -phese lesions 

urinary tract from the urethral obstrnctioii may be 

result in producing mechanical ol^stnidio ^ 

due to disease of the central nervous c 

cause of obstruction at the vesical onfice.^a^ 

changes occasionally are the the nkk of the bladder, 

dren are generally associated wi i produce marked obstruction 

Hypertrophy of the verumontanun m y^ ^.Peving 

to the outflow of urine. Treatment _ iinprovemen 

t obstruction. Preliminary „ced cases. Patient 

of renal function are necessary t,. ,„eans of suprap-bic 

this type of obstruction lat 

rr T Ukeases of the Urinary Tract 

62. Kretschmer, H. L.. Di 26) 1930. 
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c^^stostoiny with the excision of 3. wedge-shaped piece from the fibrous 
neck, followed by digital dilation of the urethra. If valves are present 
in the posterior urethra, they may be destroyed at the same time. 

Chronic renal tuberculosis is rare during infancy and childhood. 
The diagnosis may be facilitated by careful examination in every case 
in which pyuria or hematuria is present, as well as in every case in 
which there are persistent vesical symptoms. 

Calculi in the urinary tract of children are relatively rare, and case 
reports are meager. When stone occurs it is usually found in the 
bladder. In the average case of renal and ureteral stone the syndrome 
tallies closely with that presented in cases of stones in adults. 

It is generally recognized that the most common disease of the 
urinary tract in infants and children is what is called pyelitis or cysto- 
pyelitis. The pyelo-ureterograin, showing the important role of stasis 
and faulty drainage, and the frequency with which hydronephrosis and 
stricture of the ureter with dilatation of the ureter occurs, has helped 
to change Kretschmer’s conception of the old clinical picture of so-called 
pyelitis. In this group of cases the colon bacillus is the common, but 
not the only, invading organism. These cases are divided into two 
groups; one in which the disease apparently runs a self-limited course 
and the patients recover with or without medical treatment and another 
in which there is a history of several or many recurring attacks of 
acute pyelitis with its symptoms of chills, fever, sweats and often great 
prostration. Gastro-intestinal symptoms occur occasionally. When 
the acute attack subsides the urine seldom clears up entirely, but should 
it be clear, colon bacilli are sometimes found on culture. In acute cases 
the treatment consists of rest in bed, the use of large quantities of fluid 
and careful attention to the gastro-intestinal tract. In the relapsing 
cases treatment depends on the underlying pathologic condition. 

INFECTION OF THE URINARY TRACT 

Larlain stated that staphylococci are common pathogenic organisms 
in infections of the urinary tract, cither producing an uncomplicated 
infection or complicating any preexisting lesion. Alany staphylococci 
have the property of splitting urea, with the formation of ammonium 
carbonate. The commonest of these is Staphylococcus alhus, certain 
strains of which have strong urea-splitting properties without being 
pathogenic in the urinary tract. Other staphylococci may be, but less 
frequently are. the cause of ammoniac fermentation of the urine. The 
staphylococci that arc able to split urea do not show essential differences 

S. S. : ITc.-i-Splittin" Staphylococci in Urinarv Tract Infec- 
tions r.rif. J. Vrcl. 2:23o (Sept.'t 19.^0. 



356 


ARCHIVES OF SURGERY- 


from those whicli do not have this property, with the exception that 
the former may possess a greater tendency to infect the urinary tract. 
The possession of urea-splitting properties by, the infecting organism 
becomes of clinical significance when the infection is gross, with strong 
urea-splitting power, or when residual urine or urinary lithiasis is 
present. Treatment for infection due to urea-splitting organisms is 
essentially that for urinary infections in general. 


CORRECTION 

In the article by Dr. Bernhard Steinberg, “The Cause of Death in Acute 
Diffuse Peritonitis” (Arch. Surg. 23:145 [July] 1931), the percentage o animas 
in the last line on page 147 should read 100 instead of 10. 
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As was outlined in a preliminar)' report by one of us,^ a frequent 
observation in cases of fatal injury to the head is edema of the brain, 
as well as an increase in the amount of fluid in the ventricular system 
and in the subarachnoid spaces. We will discuss the question of changes 
in the brain substance in a later contribution. It is well known that 
in the majority pf cases following injury to the head there is an actual 
increase in the amount of circulating cerebrospinal fluid. This may be 
demonstrated clinically by lumbar puncture, when it is usual to find an 
increase both in pressure and in the amount of recoverable fluid. Sev- 
eral questions present themselves: What is the source or sources of 
this fluid? Why should there be an excess of the fluid following 
trauma? What part, if any, does this increase of fluid play in the 
protective reaction of the brain ? What is its bearing on the fatal issue 
in certain cases? What is its significance in the production of many 
of the late posttraumatic symptoms? Satisfactory answers to these 
and similar questions have never been given. It is evident that the 
increased amount of fluid is due to abnormal physiologic processes 
taking place within the brain. It is a common conception that the main 
source of cerebrospinal fluid is the choroid plexus. With this in mind 
we have been led to study the choroid plexus! and ependyma histologic- 
ally in fatal cases following head injury to see if any changes could be 
demonstrated which would indicate a hyperactivity of these structures. 

Piobably the first modern scientific explanation of the source of 
the cerebrospinal fluid dates from Haller = (1757) and Magendie ® 
(1825), both of whom considered that it was a product of the lepto- 
meninges, probably the pia mater. Faivre^ (1853) first described the 


^ Submitted for publication, Dec. 5, 1930. 

Studies of the Brain in Cases of Fatal Head 
A I- Preliminary Report, read before the Neurological Section of the 

American Medical Association, June 27, 1930. 
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glandular structure of the choroid plexus and indicated that its epithe- 
lial cells were secretoiy. Luschka® (1855) described hyalin-like 
inclusions in the cells and also suggested that this structure was the 
source of the fluid. Findlay® (1899) made an exhaustive histologic 
study of the human choroid plexus under both normal and pathologic 
conditions. He believed that the epithelial covering of the choroid 
plexus and that of the ependyma were homologous, and he likewise 
described variation in the size of the individual epithelial cells. The 
granular nature of the cytoplasm of the cells, as well as the presence 
of hyaline droplets and vacuoles, was set forth in detail. He stated: 
“There is a constant change going on in the epithelial cells, and they 
normally undergo a process of vacuolation and rupture to form the 
choroid plexus secretion.” Pettit and Girard (1901, 1902), in a study 
of the choroid plexuses of animals, showed that the secretion was 
increased by the administration of muscarine, pilocarpine, ether and 
theobromine. Under such conditions they found that the height of the 
epithelial cells was practically doubled, and they desciibed a granular 
basal and a clear apical zone of these cells which they interpreted as 
indicating increased secretory activity. Loeper® (1904) described pig- 
mented granules and other granules within flie vacuoles of the cd s n 
the human plexus. Further histologic details of 3, .,(3 

experimental animals, such as the presence of hyaline oidetwi^^ 

granules of fuchsinophilic or basophihc ^ 
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(1909), who for the most part did not consider them secretory. On 
the contrar}', Yoshimura (1910) expressed the belief that the vacu- 
oles were formed from an accumulation of the smaller granules as a 
step in the elaboration of cerebrospinal fluid, which is similar to Find- 
lay’s conception. Hworostuchin (1911) described epithelial changes 
in the form of mitochondria which he believed to be associated with the 
process of secretion of cerebrospinal fluid. Pellizzi (1911) believed 
that the granules were associated with the process of secretion but in 
a different manner. They were considered to absorb fluid plasm, grad- 
ually increasing in size until they were extruded from the free margin 
of the cell. Becht^® (1920), in a critical review, doubted whether the 
choroid plexus acts as the major source of the fluid, leaving this an 
open question. Mestrezat (1912) considered that the choroid plex- 
uses form the cerebrospinal fluid by a process of dialysis. In addition 
to the foregoing histologic evidence, Weed (1922) summed up in a 
very complete review the pharmacologic, pathologic and embryologic 
facts supporting the conception of the secretory activity of the plexus. 

MATERIAL AND METHODS 

Through the interest of Dr. A. F. Wagner of the coroner’s department, 
abundant pathologic material was placed at our disposal. From this we selected 
sixt 3 '-one cases, most of which had been under our clinical observation. In 
addition, as a basis of comparison, we studied the choroid plexuses of ten persons 
who died of other conditions not involving the central nervous system. In all 
these cases, the body had previously been embalmed, so that the morphologic 
relationships of the plexus and the ventricle were preserved. The portion of the 
hemisphere containing the wall of the lateral ventricle and the enclosed plexus 
was delivered to us in a diluted solution of formaldehyde U. S. P. (1:10). 
Blocks were taken from the body of the lateral ventricle with its adjacent epen- 
di’mal lining enclosing the glomus of the choroid plexus. Portions of the caudate 
nucleus, the thalamus and the overlying corpus callosum were included. These 
blocks were embedded in paraffin and stained by routine methods, hematoxjdin and 
eosin stain being utilized as a standard for the study of the morphologic aspects 
of the plexus and the adjacent brain. Suitable sections were also studied with 
Herxheimer’s method for fat, van Gieson’s method for connective tissue and 
hj^alin, and the Prussian blue method for iron. Normal and pathologic materials 
were treated in an identical manner. 


13. Yoshimura, K. : Das histochemische Verhalten des menschlichen Plexus 
chorioideus, Arb. a. d. neurol. Inst. a. d. Wien. Univ. 18:1, 1910. 

14. Hworostuchin, W. : Zur Frage uber den Bau des Plexus chorioideus 
Arch. f. mikr. Anat. 77:232, 1911. 

15. Pellizzi, B. : Experimentelle histologische Untersuchungen fiber die Plexus 
chorioidei (Adergeflechte) , Folia neuro-biol., Leipzig 5:305, 1911. 

16. Becht, F. C. : Studies on Cerebrospinal Fluid, Am. J. Physiol. 51:1, 1920. 

17. Alestrezat, W. : Le liquide cephalorachidien, Paris, A. IMaloine, 1912. 
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CASE REPORTS 

Case 1.— Diffuse subdural hemorrhage; death in four hours 

ig27 General Hospital on Dec 5 

927, in an unconscious state, having been struck by an automobile a short time 

efore. There was a large hematoma in the right side of the scalp. The right 

of a pathologic condition in the chest. He died about four hours after the injury. 

Ihe coroners examination disclosed a laceration of the scalp in the right 
temporal region. There were abrasions and contusions of the face and both eyes 
were contused. A slight diffuse subdural hemorrhage was found, but no fracture 
of the skull. The first three ribs on the right side were broken, the lung was 
lacerated and the pleural cavity filled with blood. The cause of death was given 

as concussion of the brain with fracture of the ribs and laceration of the right 
lung. 


Histologic Examination . — Choroid Plexus ; There was an extensive diffuse 
edema of the stroma, showing localized collections of fluid. In some areas there 
was marked pigmentation of the stroma and choroidal epithelium (fig. 12). The 
pigment granules in the stroma were chiefly within large phagocjdic cells, while 
those in the epithelium rvere largely in the vacuoles. In some areas of the stroma 
extensive extravasations of red blood cells and polymorphonuclear leukocytes were 
found. The blood vessels were empty and showed moderate distention. Numerous 
so-called “fibrin thrombi” were found within the vessels. Occasional psammoma 
bodies were present. The epithelial margins were irregular and torn in many 
places. The epithelial cells were marked by the presence of numerous vacuoles 
(64 per cent), some of which were extremely large (figs. 4 and 5). The base- 
ment membrane for the most part was intact. Masses of coagulated substance 
were found between the epithelial tufts. The average height of the epithelial cells 
was 20.39 microns. 

Ependyma: There was practically no subependymal accumulation of fluid. 
Only a minor degree of ependymal vacuolization was present. 


Comment . — This case showed the “full blown” type of choroidal 
changes, i. e., extensive edema of the stroma, increased pigment and 
red blood cells in the stroma, increased vacuolization (64 per cent) o 
the choroidal epithelium and an increase in the height of the choroua 
cells (20.39 microns). Changes of this sort are often to be seen when 
death occurs from two to five hours after injur}'. There was a re <. 
tively small subependymal collection of fluid and only a minor egr 
of vacuolization of this membrane. This picture, whicr represe 
most marked change in the plexus following an injury to 
was found in five of our cases. 

Case 2.— EitomVc, depressei cmmiii’Hed fradurc of llic nghi fnnrfo; « 


itporal bones; death in four days. Cpneral Hospital at 

A colored boy, aged 8, was admitted to the f ,,ack by an 

p. m. on Dec. 10, 1927. in an nneonscons right side o( .be 

tomobile. There was an extensive g^m was rigid and 

mium. The right pupil was larger t an e ’ yeo' blood}- 

2 p reflexes on the left side were exaggerated^ 1 P observed. The 

istic and occasional jacksonian twitchmgs on the lelt 
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Roentgenograms of the skull showed an extensive fracture of the skull, extending 
from 1 inch (2.5 cm.) above the external superior margin of the left orbit irregu- 
larly and transversely across the frontal bone into the right parietal region, 
associated with a stellate fracture in the right parietal region with depression. The 
patient never regained consciousness ; he remained spastic on the left side and had 
occasional left-sided convulsive seizures. He died at 5:30 a. m. on December 14. 

The coroner’s observations were as follows : There were multiple contusions 
of the scalp and an extensive depressed fracture of the right parietal and squamosal 
bones. The fracture extended forward into the frontal bone, thence downward and 
toward the left across the floors of both anterior fossae of the skull. The cause 
of death was given as comminuted fracture of the vault and base of the skull. 

Histologic Examination.— ChordiA Plexus: There was practically no edema of 
the stroma ; the blood vessels were small and empty. A small amount of pigment 
was found chiefly within the epithelial cells. The free epithelial margin was 
regular, showing only localized tendencies to distortion. The vacuoles were small 
and circumscribed and were present in 34 per cent of the cells ; the average height 
was 15.98 microns. 

Ependyma : There was practically no subependymal accumulation of fluid and 
only a minor degree of vacuolization. 

Comment . — It is difficult to explain why there were so few changes 
in the choroid plexus or ependt’^ma. The patient had all the signs and 
clinical symptoms of severe edema of the brain, yet at death the choroid 
plexus was little changed. It is possible that the choroid plexus passed 
through a stage of hyperemia which was subsiding at the time of death. 
It is also possible that the local injury was more prominent than gen- 
eral changes in pressure, which in comparison were of minor degree. 

Case 3. — Basal fracture of the skull and subdural hemorrhage on the left side; 
death in ten hours. 

A Mexican, aged 37, was admitted to the Los Angeles General Hospital on 
July 5, 1929, in an unconscious condition, having been struck by a street car. A 
swelling on the left side of the head was noticed. The left pupil was dilated and 
fixed. The spinal fluid was very bloody. The patient was evidently in shock 
from which he never recovered. He died at 6 p. m. on the day of admittance to 
the hospital. 

The coroner’s examination showed multiple contusions of the head and face; a 
profuse subdural hemorrhage was found over the left side of the brain, associated 
with a fracture passing through the left middle and posterior fossae. The cause 
of death was given as fracture of the base of the skull with subdural hemorrhage. 

Histologic Examination. — Choroid Plexus; There was a moderate degree of 
edema of the stroma, with accumulations of fluid here and there in the larger tufts 
(fig. 11). The blood vessels were tremendously dilated and a few small thrombi 
were observed. The epithelial margins were rather irregular, although not 
extensively torn. Numerous large vacuoles, some of which were seen breaking 
through the cells, were found throughout the epithelial covering. Sixty-seven 
per cent of the cells were vacuolated (fig. 3). There was a small amount of 
pigment in the vacuoles. Many of the nuclei also showed vacuolization and in 
some instances the nuclei were enclosed in vacuoles (fig. 8B)'. The average 
height of the cells was 20.34 microns. The basement membrane was torn in many 
places. 
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Ependyma : Tliere was a moderate accumulation of fluid in the subenendvmal 
bssue . f vacuolization of the ependyma were ob e 

vhich in some places was almost detached from the underlying tissue. 


Cm/,, Marked change in the choroid plexus was present about 
ten houts after death, the blood vessels were tremendously dilated and 
there were marked edema of the stroma and vacuolization of the 
choTOidal epithelium. The choroid cells were markedly increased in 
height (20.34 microns). The ependymal and subependymal changes 
were less marked than those of the choroid plexus. 


Case 4. Hemorrhage of the cerebrum and cerebellum; extensive body injuries; 
death zviihin hvo hours. 

A woman, aged /O, was admitted to the Emergency Hospital at 7:35 p. m. on 
Aug. 10, 1929, haA’ing been struck by an automobile. She was moribund on 
admission and there were evidences of extensive internal injuries to the chest and 
abdomen associated witli fractures of the left leg and the right arm. She never 
regained consciousness, and died two hours following the injury. 

On the coroner’s examination the skull was not found to be fractured, but 
there was slight diffuse hemorrhage over various parts of the cerebrum and 
extenswe hemorrhage covering the cerebellum. In addition to the intracranial 
condition, there were multiple contusions and abrasions of the body and extremities 
with fracture of the right humerus and the left tibia and fibula. There were many 
fractured ribs associated Avith a rupture of the diaphragm, liver and spleen Avith 
intraperitoneal hemorrhage. The cause of death Avas given as crushing injuries 
of the chest Avith concussion of the brain. 

Histologic E.vamiuation. — Choroid Plexus: There Avas fairly extensive edema 
of the stroma Avith some tendency to accumulation of fluid in localized collections ' 
beneath the epithelium. “Fibrin thrombi" and concretions Avere numerous. The 
blood A'essels Avere distended and empty. The epithelial margin Avas somewhat 
irregular. The vacuoles Avere variable in size, some being fairly large and aa'cI 
outlined, others small and found in the distal portions of the cells; 49 per cent o 
the cells were vacuolated. The average height of the choroidal epithelium was 
17.25 microns. 

Ependyma: Tliere Avas practically no subependymal collection of fluid.^ Th 
AA'as moderate vacuolization of the ependyma! cells, not more than is foun 
normal brains. 


Commevt.— An increase in the percentage of vacuolization (49 pe 
cent) and in the height of the choroidal epithelium (17.25 microns; 
together with fairly extensive edema of the stroma is a consistent oos 
A^ation tAvo hours after a severe injury to the head. 


Case S.-M«Uiph basal fractaras »/ Iha stall: Iraalara af Its ribs, ■.mil, 
ceration of the right lung; a fractured pelvis; death revt im one i ^ ^ ^ 

A woman, aged 29, Avas admitted to he^auto^bile Avas struck 

ddence of crushing injuries to the chest, sku an p 
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The coroner’s examination showed numerous contusions and abrasions all over 
the body and head. The base of the skull was fractured in both the frontal' and 
the right middle fossae. There was no definite injury or hemorrhage of the brain. 
There were many ribs fractured on both sides and in several places. The right 
lung was lacerated by several of these fractured ribs. The pelvis was fractured 
in two places, with laceration of the bladder by bone fragments. Both sacro-iliac 
articulations were torn loose, and there was extensive hemorrhage into all tissues 
of the surrounding pelvis. The cause of death was given as a fractured skull, a 
fractured pelvis and other injuries. 

Histologic Examination^ — Choroid Plexus: A minor degree of edema of the 
stroma was present, associated with only an occasional localized collection of fluid. 
The blood vessels were open and empty. The epithelial margins were fairly regular 
and the cells were only occasionally vacuolated (25 per cent), and in those the 
vacuoles were small and circumscribed. The average height of the cells was 
12.33 microns. 

Ependyma: In some situations, particularly about the blood vessels in the 
subependymal region, there were large eollections of fluid. The ependyma was 
moderately but consistently vacuolated throughout its extent. 

Comment . — The choroid plexus was practically normal, as the 
patient died before demonstrable changes in this structure could occur. 
It is likely that shock and hemorrhage played the principal role in 
bringing about the death of the patient, possibly altering the circulation 
in such a way as to prevent extensive vascular changes in the brain. 

Case 6. — Mutiple fractures of the skull with laceration of the frontal lobes and 
an e.vtcnsive subdural hemorrhage ; death in four days. 

A woman, aged 30, was admitted to the Los Angeles General Hospital at 
10 : 45 p. m. on Aug. 9, 1929, in an unconscious condition and shock. She was 
bleeding from both ears; a Babinski sign was present on the left side; the knee 
jerks were absent. There was marked rigidity of the abdomen. Intra-abdominal 
bleeding was suspected and a blood transfusion was given. She died without 
regaining consciousness. 

The coroner’s examination revealed multiple contusions, abrasions and lacera- 
tions of the head, body and extremities. An extensive subdural hemorrhage was 
found associated with lacerations of the lower half of the left lower frontal lobe 
of the brain and multiple fractures of the base of the skull. There were no 
internal injuries. The cause of death was given as fracture of the skull with 
laceration of the brain. 

Histologic E.vamination. — Choroid Plexus: Moderate edema of the stroma 
was present, although fairly large localized collections of fluid were found. The 
blood vessels were much distended and empty. Some free blood was observed 
in the ventricle, apparently outside of the epithelial tufts. In what was evidently 
the transverse cerebral fissure, from the appearance of adjacent structures, there 
were several collections of fibrin and leukocytes which suggested an infectious 
process, i. e., meningitis. The choroidal epithelium showed regular free margins. 
Tlie cells were moderately vacuolized (31 per cent), the spaces being small and 
mostly confined to small ringlike clear zones about the nuclei. Finely granular 
pigment was situated almost entirely within the epithelial cells. Between the 
choroidal tufts were found small masses of what appeared to be fibrin in which 
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The average height of the cells 


a few leukocytes were enmeshed, 
microns. 

Ependyma : There were some localized collections of fluid beneath the 
which was uniformly moderately vacuolated throughout its extent. 


was 13.84 
ependyma 


Comment.—Tl-,,^ case showed evidences of indainmation in the 
choroid plexus, a condition sometimes seen after three or four days 
even in the absence of clinical or gross pathologic signs of meningitis. 
Edema of the stroma was only moderate in this case and little increase 
in^ vacuolization or heiglit of the cells was found. The ependyma like- 
wise showed little change. Laceration of the brain with subdural hem- 
orrliage may have obscured the changes in the plexus or the changes 
may have become less prominent after the four day interval under the 
extensive administration of a hypertonic solution of dextrose. 


Case 7. Left occipitol Itiicor jractuve ^ death ui two doys, 

A woman, aged 18, was admitted to the Los Angeles General Hospital at 
12 noon on Aug. 14, 1929, in an unconscious condition, having fallen earlier in the 
day while hanging up clothes. There was bleeding from the left ear and a 
laceration of the scalp in the left occipital region. She died at 11: 33 p. m. on 
August 16. 

The coroner’s examination showed an extensive subdural hemorrhage and 
extensive pulping of the right frontal lobe of the cerebrum. There was a fracture 
line in the left occipital and left temporal bone. The cause of death was given 
as fracture of the skull following a fall. 

Histologic Examination. — Clioroid Plexus: A moderate degree of edema 
was found in the stroma; in some areas it seemed absent altogether. The blood 
vessels were dilated and in many of them red blood cells were still present. An 
occasional intravascular “fibrin” thrombus was noted, but no concretions were 
found. The epithelial margins were ragged in many places and the distal portion 
of the cell seemed to be broken up. The vacuoles were not so numerous (36 per 
cent) as in some cases ; they were moderate in size and did not contain pigment. 
The average height of the cells was 16.37 microns. 

Ependyma: There seemed to be no subependymal accumulation of fluid except 
in a very few localized areas. The ependyma was not vacuolated beyond norma 
limits. 


Comment.— In this instance there was practically no change in the 
stroma of the choroid plexus, although the vacuolization of the epi e- 
lium was considerably increased and the choroidal epithelium e 
elongated. One would expect more marked changes m view o 
extensive cerebral damage found at autopsy, unless t e energe ic 
ment with hypertonic dextrose solution had altered le exi 

ditions. 

Case 8.— Multiple fractures of the skull and loiver e.xtiemities, g 

infection; death in thirty-six hours. , 7 nn Au"- 15, 1929. He 

A boy, aged 12, was struck ^ Hospital. There was 

was irrational on admission to the Los fractures of the leit 

evidence of fracture of the skull and compound, commmut 
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leg-. He developed a Bacillus wclchii infection in the lacerations of the left leg 
and died thirty-six hours after the injury. 

The coroner’s examination revealed a fracture of the floors of both anterior 
fossae of the skull, associated with a slight subdural hemorrhage diffused over 
the cerebrum. The lungs were emphysematous and there was a patch of hemor- 
rhagic pleuritis between the lobes of the left lung. There was a deep laceration 
of the skin and soft tissues of the anterolateral surface of the left leg, which was 
swollen and discolored, associated with a compound fracture of both bones just 
above the ankle. A microscopic examination of the inflammatory exudate from 
the wound showed the presence of a gas bacillus. The cause of death was given 
as compound, comminuted fracture of the left leg with gas bacillus infection. 

Histologic Examimtion.—ChoroiA Plexus: There was little distention of the 
stroma beyond normal limits. The blood vessels were empty and no localized 
collections of fluid of any magnitude were seen. The epithelial margins were 
fairly regular, the cells being quite uniform. Vacuoles were not numerous (33 
per cent) and were small and circumscribed, many of them being little more than 
clear zones about the nucleus. In some^ cases vacuoles were seen between the cells. 
The basement membrane was intact in most places. The average height of the 
cells was 16.54 microns. 

Ependyma: There was a fairly definite accumulation of fluid beneath the 
ependyma with fairly extensive vacuolization of its cells throughout. 

Comment . — In this instance the ependymal changes both in vacuoli- 
zation of the lining membrane and in evidence of subependymal tissue 
were greater than those of the choroid plexus. The latter showed only 
moderate vacuolization and some increase in the height of the choroidal 
epithelial cells. The apparent incongruity between the height of the 
cells and the percentage of vacuolization may be explained by the fact 
that, at least in our cases, the epithelial cells are normally higher in 
children than in adults. In this instance, as in cases 29 and 57, a gas 
Ijacillus infection caused death. It is possible that this patient might 
have recovered if the injury to the head had been the only factor 
involved. 

Case 9. — Extensive subdural hemorrhage and eontusion of the brain; death in 
tivo days. 

A man, aged 38, was admitted to the Los Angeles General Hospital at 11:30 
p. m. on Aug. 11, 1929, in an unconscious state, with an odor of alcohol on his 
breath; he had been injured in an automobile accident. Aside from dilatation and 
fixation of the right pupil, there were no other positive neurologic signs. Roent- 
genograms of the skull showed a vertical linear fracture in the midoccipital region. 
He never regained consciousness and died at 3 : 05 p. m. on August 13. 

The coroner's examination showed an extensive subdural hemorrhage associated 
with an extensive contusion of the lower surface of the right lower frontal lobe. 
There were fractures of the floor of the antrum and the posterior margin of the 
foramen magnum. The cause of death was given as fracture of the skull with 
contusion of the brain. 

Histologic E.vamination. — Choroid Plexus: yioderate edema of the stroma was 
present and was associated with some local accumulations of fluid. The epithelial 
margins were fairly regular, although in some individual cells small vacuoles 
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The” appearance, 

them contained pigment granules Some of the ^ ™ost cases and some of 
per cent of the ce. ^ 

v.c’^n-’.ro,^!;: “:r' “'• 

Comineiif.~The degree of edema of the choroid plexus and epen- 
dyma was only moderate in this case and far less conspicuous than one 
would expect when injury to the brain and alcoholism were both pres- 
ent. The odor of alcohol may have been misleading in suspecting 
intoxication. Intensive intravenous treatments with a hypertonic solu- 
tion of dextrose with an inten^al of two days may explain the lack of 
marked change in tlie plexus. 

Case 10. Extensive contusions of the bfenn soitli multiple fractures and internal 
injuries; death zoifhin tiventy minutes after the fall. 

A man, aged d6, fell six floors down an elevator shaft at S; 10 a. m. on 
Sept. 23, 1929, sustaining crushing injuries of the head and chest with other body 
injuries. When the police ambulance arrived, about 8:30 a. m., the patient had 
died and the body was taken directly to the morgue. 

The coroner’s examination showed the skull to be extensively shattered and 
the brain contused and lacerated. All the ribs were found to be broken, each 
one in many places, w'ith severe lacerations of the lungs. The liver and spleen 
were badly lacerated and ruptured and both kidneys were severely contused. There 
was a fracture of both clavicles, the left scapula, the right ileum and the lower 
end of the right humerus. The cause of death was given as crushing injuries of 
the head and chest with other injuries. 

Histologic Examination . — Choroid Plexus: There was fairly extensive and 
diffuse edema of the stroma but no large accumulations of fluid were present. 
Pigment was present in the form of fine granules, found largely in the epithelial 
cells. The blood vessels were moderate in size, open and empty. The epithelia 
margins were fairl}'’ even although in some cells the distal margin was sonieu lat 
ragged. The vacuoles were moderate in size and fairty well circumscribed , t lej 
frequently' contained rather coarse pigment granules. Twenty-six per cent o t le 
cells were vacuolated; their average height was 13.9 microns. j , , • 

Ependyma ; There were no subependymal accumulations of m , at loug 
many local areas there were rows of vacuoles which bad collecte 
nuclei, giving them a rather concentric appearance. Along t le ree 
the ependyma in some areas, red blood cells could be found eitier in &c _ 

process of degeneration. Their presence was evidently due to ventneu ■ 

rhage (fig. 20). 

Commcnt.-Thcre was practically no increase in 
in the height of the cells, but fairly extensive edema o te 
the choroid plexus. Relatively greater ° 

as compared with the choroid gives rise to the ^ tl,e head. 

changes occur sooner than choroidal change 

One also wonders whether fluid had collected m the stroma of the p 
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and had as yet failed to manifest its presence in the cells. The multi- 
plicity of factors makes the time element a difficult one to evaluate 
satisfactorily. 

Case 11. — Extensive subdural hemorrhage and basal fracture of the skull, 
death in tzventy hours. 

A man, aged 24, was admitted to the Los Angeles General Hospital at 10 : 10 
p. m. on Oct. 18, 1929, following an automobile accident. He was unconscious ; 
the left pupil was dilated and fixed ; the knee jerk was active on the right side, but 
absent on the left; a positive Babinski sign was found on the right. The spinal 
fluid was bloody and under greatly increased pressure. Both arms were spastic, 
the left more so than the right. He died at 6: 15 p. m. on October 19. 

The coroner’s examination showed extensive subdural and extradural hemor- 
rhage. There was an extensive fracture of the base of the skull, involving the 
middle fossae. No other injuries were found. The cause of death was given as 
fracture of the base of the skull with subdural and extradural hemorrhage. 

Histologic Examination . — Choroid Plexus : There was a fairly extensive dis- 
tention of the stroma, particularly in some portions of the plexus where there was 
much hemorrhagic extravasation. Fibrin and red blood cells were also found in 
the ventricular space. There were a few so-called “fibrin thrombi” and in one 
area were seen a group of concentric concretions. Open, not markedly distended 
blood vessels and small accumulations of fluid could be seen in the stroma. The 
free margin of the epithelium was smooth for the most part, although individual 
cells were somewhat ragged. The basement membrane was well preserved 
throughout, except where it bounded the larger fluid spaces. Vacuoles, while not 
numerous, were circumscribed and well defined; 25 per cent of the cells were 
vacuolated. Most of the free pigment was found in the epithelium. The average 
height of the choroidal epithelium was 15.56 microns. 

Epend 3 'ma : There were no extensive subependymal accumulations of fluid. 
The ependyma was moderately and evenly vacuolated throughout its extent 
(fig. 18). 

Comment . — The principal observation in this case was hemorrhage 
into the stroma of the choroid plexus and ventricular space. Numerous 
distortions and irregularities of the nuclei of the endothelial cells of 
the blood vessels were also shown. There w'as a minor increase in 
vacuolization and an increase in the height of the choroidal epithelium 
cells. The ependyma was moderately and evenly vacuolated through- 
out. Death was evidentl}^ brought about by local hemorrhage rather 
than by extensive edema of the brain. 

Case 12. — Contusion of the brain and subdural hemorrhage; multiple fractures 
of the skull and internal injuries; death zvifhin an hour. 

A man, aged 28, was dead on admission to the Emergenej'- Hospital at 
11:59 p. m. on Oct. 19, 1929, having fallen from the second story of a building. 
He had apparently sustained multiple fractures of the skull and internal .injuries. 

The coroner’s examination disclosed a severe general subdural hemorrhage 
associated with contusions of the base of the brain. There were multiple fractures 
of the skull involving the basal fossae, especially on the right side. The lungs were 
severely contused. The stomach was full of blood; no odor of alcohol was 
detected. Tliere was some hemorrhage around the dorsal spine, but no fracture 
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Ts^rt J’::s tri's: »< 

Histologic Examimtion. — Choroid Plexu-;- Thp.-o ,.,o i 
the stroma which «d to involve the tofts' somewhat irregoMrsomeTetog 

conLtabh?ri- Wtaraace. Fluid spaces, often of 

nn ^ dimension, were seen here and there in the stroma. Blood vessels 

^ ere open and occasionally contained red blood cells. In a few areas both within 

“fibrin throL^-»h f localized hemorrhages were found. Occasional small 
fibrin thrombi, but no concretions, were seen. The free margin of the epithe- 
lium was quite regular, being broken up only in local areas. Free pigment, occa- 
sional y m good-sized masses and moderate in amount, was found within the 
epitnelial cells. The basement membrane was well preserved everywhere. The 
\acuo es in the epithelium varied considerably in size, a few being larger than 
normal. Fortj' per cent of the cells were vacuolated. The average height of the 
epithelial cells was 16.31 microns. 

Ependyma : There was no extensive subependymal accumulation of fluid. The 
ependyma was markcdlj'' vacuolated in some areas. 


Comment . — The percentage of vacuolated cells (40 per cent) was 
rather more than one would expect when the patient survived his injury 
onl}’’ a short time. The epithelial cells were also increased somewhat 
in size (16.31 microns). Edema of the stroma was also fairly exten- 
sive. It seems evident that there are numerous factors that influence 
the activity of the choroid plexus in injury to the head, so that it is 
difficult to evaluate the observations properly in some cases. In this 
case it is possible that the activity may have continued for some time 
post mortem. 


Case 13. — Subdural hemorrhage zoith fracture of the skull; fractures of the 
left pubic bone and both bones of the left forearm; death in from izvo to three 
hours. 

A man, aged 61, was admitted to the Emergency Hospital at 6:41 p. m. on 
Oct. 19, 1929, in an unconscious condition, having been struck by an automobile 
shortly before. There was bleeding from the left ear and there were ^ 
fractures of the left forearm and left leg. His condition became worse and he 

died at 8:45 p. m. , . , 

The coroner's examination revealed a fracture of both bones in the lower third 
of the left forearm. There were numerous severe contusions, abrasions and a 
long laceration of the outer aspect of the left leg. A severe ® 

hemorrhage was found. There was a large fracture ^ ^ ^ ® ^ 

(17.8 cm.) long, extending along the base from the front to t e uttered, 

side, with some small side branches. The roof of the ng or P 

No injuries of organs of the chest or abdomen were found. The 
was fractured and some hemorrhage had occurred ^ 

The cause of death was given as fracture of the base of the skull vith 

hemorrhage and other injuries. 4 the ' 

. • r-u M PWn,Q- There was extensive edema ot me 

Histologic E.ramtnatwn.—Choroi& Plexus. Pigment was rather 

stroma which seemed to be uniform throug ou ,,.hich were found 

abundant and was confined almost entirely to epithelium 

in 66 per cent of the epithelial cells (fig- 9). 
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was irregular in many places. There was marked variation in the size of the 
individual cells, some of them being distended with a single large vacuole or 
several small ones. The basement membrane was frequently irregular, and in 
some places seemed to be indented by the underlying fluid (fig. 6). Almost all 
of the cell vacuoles contained irregular crj'stalline or granular pigment. The 
average height of the epithelial cells was 17.43 microns. Some cells were as high 
as 25 microns. 

Ependyma; There was a moderate amount of subependymal edema. The 
ependyma was irregularly vacuolated ; some areas had an abundant number while 
other parts were free from them. 

Comment . — In this case there was marked edema of the stroma, 
with a great increase in vacuolization (66 per cent) ; the average height 
of the cells was also increased (17.43 microns). One cell measured 
25.8 microns. Changes of this sort are to be expected, as the height 
of choroidal reaction apparent!}' comes between two and four hours 
after injury. 

Case 14. — Typical case of interval subdural hemorrhage ; death four days later. 

A woman, aged 57, fell down four steps at 9 "a. m. on Sept. 21, 1929, striking her 
head on the walk. She regained consciousness in a short time and remained clear 
until 3 p. m. on September 24. On that day the right pupil began to dilate and it 
remained dilated until her death. On the same day she went into coma with 
Cheyne-Stokes’ respiration and a slow pulse rate. A diagnosis of subdural hemor- 
rhage on the right side was made and she was brought about 75 miles to Los 
Angeles by ambulance on September 25. She died within an hour after arriving at 
the hospital. 

The coroner’s examination disclosed a large subdural hemorrhage in the right 
anterior, middle and posterior cranial fossae. The right pleural cavity con- 
tained about 1.5 liters of bloody fluid and the lower lobe of the right lung was 
severely contused and mushy. The cause of death was given as subdural 
hemorrhage. 

Histologic E.vamination. — Choroid Plexus: There was a moderate degree of 
edema of the stroma which did not involve the plexus evenly. The blood vessels 
were distended and in some cases still contained red blood cells. Fluid spaces 
were to be found in some of the larger tufts. Fairly abundant pigment was found 
almost entirely in the epithelial cells. “Fibrin thrombi” were numerous and were 
scattered fairly evenly throughout the entire plexus. The epithelial margin was 
rather uneven, owing largely to the projection of swollen individual cells. Except 
in locations bordering the fluid spaces, the basement membrane was intact. The 
vacuoles in the cells were small and well outlined and usually hugged the nucleus ; 
64 per cent of the cells contained vacuoles. Pigment granules were scattered 
throughout the epithelial cells. The average height of the cells was 17.76 microns. 

Ependyma; There was practically no subependymal accumulation of fluid, 
although in some places the cells were tremendously distorted and broken by 
vacuolization. 

Comment. — ^\7acuolization was much increased (64 per cent); the 
height of the choroidal epithelium was increased (17.76 microns) and 
the stroma was moderately edematous, indicating increased activity of 
the plexus. These changes probably would have subsided if the patient 
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“ opportunely and the subdural clot removed We 
believe that such changes are not necessarily inconsistent with life. 


A woman aged 62, feJ] down a flight of stairs on Oct. 19, 1929 She was 
takai to the Altadena Hospital where she died about three hours after admission, 
coroner s examination revealed a compound fracture of the base of the 
severe general subdural hemorrhage, associated with severe lacerations 
cause of death wms given as compound fracture of the base 
ot tlie skull with laceration of the brain and subdural hemorrhage. 


Histologic Examiiialion . — Choroid Plexus : There was moderate edema of the 
terminal tufts of the plexus which seemed to involve them fairly evenly. Pigment 
was abundant and was confined almost entirely to the epithelial cells. “Fibrin 
thrombi were common and several large concentric psammoma bodies were found. 
In the stroma fairlj' well circumscribed collections of fluid were found. In some 
places the fluid seemed to form clear, distinct, small open places in the stroma. 
The blood vessels were small and empty in most cases. There was marked 
variation in the height of the individual cells, some of them being very high. The 
vacuoles also varied considerably in size, some of them reaching such large pro- 
portions as practically to fill the cells, while others were small and circumscribed. 
In places A’acuoles were seen within the nuclei (fig. 8A). Many contained pigment 
granules. Sixty-eight per cent of the cells were vacuolated; their average height 
was 19.83 microns. 

Ependyma : There were minor subependymal accumulations of fluid and in 
some places the ependyma was much distorted and torn by the accumulation of 
vacuoles either within or just beneath the cells. In other places the ependyma 
seemed to be fairly intact and of normal proportions. The nuclei of the ependymal 
cells was frequently vacuolated. Discrete pigment granules were to be found in 
the ependymal cells. 


Comment . — Again in this case there is a fairly typical picture of 
“full blown” choroidal changes, the patient dying three hours after 
injury. The choroidal vacuolization was much increased (68 per cent), 
the epithelial cells heightened (19.83 microns) and edema genera 
throughout the stroma. The ependyma likewise showed moderate su t 
ependymal edema and marked vacuolization of ependymal cells m p ac 

Case IQ.— Multiple fractures of the skull; subdural hemorrhage; fractmed 


ribs; death zvithin an hour. , admitted to 

A man, aged 36, who had been struck by a truck, was dead when admitted 

the Emergency Hospital at 4 : S3 p. m. on Aug-. 23, 192 . 

The coroner’s examination disclosed multiple lacerations o poth 

two fractures of the vault were found which ran para e 

extended into the frontal fossae on each side o t e cri r j^j^ral ventricle, 

also a marked subdural hemorrhage and a g fractured in the 

The fifth, sixth, seventh and eighth ribs on the ^ ,vitli a 

nipple line. The cause of death was given as fracture 

subdural hemorrhage. „nderate edema of the 

Histologic Examination.— ChoroiA Plexus. g ^vas marked by 

stroma with a few localized collections of fluid. The 
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hemorrhagic extravasations both within and without the tissues of the plexus. 
This probably accounted for the extensive pigmentation which marked the 
choroidal epithelium in almost every place. Few so-called “fibrin thrombi” were 
found. The blood vessels were distended and in many cases were filled with red 
blood cells. The epithelial cells were fairly regular in size and shape, being 
marked by an abundance of granular pigment in the cytoplasm. The free margins 
were somewhat irregular. The basement membrane was intact in most places. 
^'■acuoles were not large and did not seem to be as abundant as in some cases of 
the series (43 per cent). The average height of the choroidal epithelium was 
14.33 microns. 

Ependyma : The ependymal tissue showed practically no evidence of accumula- 
tion of fluid, although in some places vacuolization of ependymal cells was extensive. 

Comment . — ^Vacuolization of the choroid (43 per cent) was rather 
marked considering the fact that the patient died within an hour after 
his injury. The at^erage height of the epithelium was not markedly 
increased. Edema of the stroma was moderate and ependymal changes 
were inconsequential. 

Case 17. — Basal fracture of ilic skull with laceration of the brain and sub- 
dural hemorrhage ; death in eleven days. 

A woman, aged 88, was admitted to the Los Angeles General Hospital at 
11 : 14 p. m. on Oct. 10, 1929, in a confused condition, having fallen oft' the steps 
of her home shortly before. She was bleeding from the right ear and a contusion 
of the right parietal region was found. No deep reflexes were obtained. The 
spinal fluid was bloody and under pressure. Bronchopneumonia developed and the 
patient died at 6:10 p. m. on October 21. 

The coroner’s examination disclosed a fracture of the base of the skull with 
laceration of the brain and a subdural hemorrhage. The left temporal lobe of the 
brain was severely lacerated. The cause of death was given as fracture of the 
base of the skull with laceration of the brain and subdural hemorrhage. 

Histologic E.vamination. — Choroid Plexus: Extensive edema of the stroma 
was found which seemed to be rather diffuse for the most part, although some 
large fluid spaces were seen. There were numerous so-called “fibrin thrombi” 
and many large concentric calcospheres were observed in the larger portion of the 
stroma. The free margin of the epithelium showed considerable irregularity owing 
to marked enlargement of the individual cells some of which reached unusual pro- 
portions. Except in the regions of the large fluid spaces, the basement membrane 
seemed to be fairly well preserved. The vacuoles were large and discrete for 
the most part and frequently contained pigment. In some cells there were numerous 
small vacuoles which gave the epithelium a lacelike structure and gave an irregular 
outline to the cells. Sixty-two per cent of the cells were vacuolated. The average 
height of the choroidal epithelium was 17.16 microns. One free cell measured 
26.3 by 17.6 microns. 

Ependyma: There was a marked tendency to the accumulation of fluid in the 
subependymal space, but the ependyma itself showed little tendency to vacuolization. 

Comment . — This case showed more extensive edema of the stroma 
of the choroid plexus than would have been expected after eleven days. 
Vacuolization was marked (62 per cent), and the average choroidal 
cell measured 17.16 microns. One free epithelial cell measured 26.3 
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b} 1/.6 micioiis, an enormous enlarsfement Tlipm i 
s«bepe„d3™a. ede^a bat p^cdcaH, t 

ependymal lniing. Could bronchopneumonia have been a factor in the 
swelling of tins choroid plexus? 


Case IB.—Compowtd, comminuted, depressed jracturc of the skull- cvtcushe 

Ltfrx? 

Emergency Hospital at 6:07 p. m. on 
Uct. 6, 1929 m_ deep coma, having been struck by a freight train shortly before. 
There was clinical evidence of a fracture of the base of the skull and multiple 
lacerations were found on the forehead and face. He died at 2:10 p. m on 
October 7. 

The coroner’s examination disclosed multiple lacerations’ of the face and scalp 
and a depressed comminuted fracture of the skull, 1 by 3 inches (2.5 by 7.5 .cm.) 
in size, beginning in the anterior cerebral fossa on the left side and extending up 
into the left temporoparietal region. In addition, there were many fracture lines 
in the bones forming the base of the skull. There was extensive extradural and 
subdural hemorrhage and lacerations of the left frontal lobe of the brain. The 
cause of death was given as compound, comminuted, depressed fracture of the 
skull with laceration of brain. 


Histologic Examimtian . — Choroid Plexus: Moderate edema of the stroma was 
found which irregularly involved the terminal tufts of the plexus. Some of these 
seemed to be almost normal in their structure. The blood vessels were large and 
open and most of them were empty. There were a few small “fibrin thrombi” but 
no psammoma bodies. Finely granular pigment was present in a small quantity in 
the epithelium. A small amount of blood was found in the intervillous spaces. The 
epithelial margin appeared irregular in some places where the individual cells had 
become swollen and extended beyond their fellows. The vacuoles varied in size 
within wide limits, although they were not as numerous as in some cases. In 
many cases the vacuole was confined to a ringlike zone about the nucleus. Granular 
pigment was found in some of them. Fifty per cent of the cells w'cre vacuolated. 
The average height of the choroidal epithelium was 15.57 microns. 

Ependyma: There was little tendency to subependymal accumulations ot 

fluid. In most places the ependyma was more vacuolated than normal ; m other 
places it showed no vacuoles. 


Comment . — There was Jess edema of the stroma than one would 
expect. Vacuolization of the choroidal epithelium was marked (oU per 

cent) and the cells were moderately heightened .nh- 

ependyma showed an unusual amount of vacuolization wit i 
ependymal edema. The comparatively low height of the ^ 

tLial cell was due to the fact that while the cells 
vacuolated, the vacuoles were very small. This won gg 
eralized but feeble reaction to injllr>^ 

Case 19 .-E.xfcnswc subdural and ventricular hemorrhage and a lacerate 

brain; death in fen hours. T os Angeles General 

A woman, aged 60, was admitted to Ae Lo - 5 
8:30 p. m. on Oct. 17, 1929, in an unconscious state, hawng 
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mobile. The left pupil was dilated and fixed, and Cheyne-Stokes respiration was 
observed. The blood pressure varied from 210 systolic and 80 diastolic to 90 
systolic and 40 diastolic. She died at 3 : 15 a. in. on October 18. 

The coroner’s examination showed a hemorrhage into the right upper eyelid, a 
few minor abrasions of the feet and a severe hemorrhage beneath the scalp. No 
fracture of the skull was found, but the entire lower half of the frontal and 
temporal lobes of the brain on the left side were lacerated to an extreme degree, 
being reduced to a pulp}' mass. There was also marked extradural and intra- 
ventricular hemorrhage. The cause of death was given as severe laceration of the 
brain with subdural and intraventricular hemorrhage. 

Histologic Exaiiiiiiaiioii.— Choroid Plexus: There was a moderate and sym- 
metrical edema of the epithelial tufts. Abundant pigment was found both in the 
stroma and in the epithelium, explained probably by the hemorrhagic extravasations 
both within and without the choroid (figs. 13 and 14B). The blood vessels were 
moderate in size and most of them contained red blood cells. Numerous large 
“thrombi” and concentric psammoma bodies were scattered throughout the pedicle 
of the plexus. The epithelium was regular in outline and the cells showed little 
variability in their height and substance. The basement membrane was well 
preserved everywhere. The vacuoles of the cells were not large; they were usually 
discrete and in many cases were obscured by the abundant pigment. Thirty-eight 
per cent of the cells were vacuolated. The average height of the choroidal epithe- 
lium was 18.92 microns. 

Ependyma : There was practically no tendency to accumulation of fluid beneath 
the ependyma which was unusually vacuolated. Some hematogenous pigment was 
found within the ependymal epithelium. 

Comment . — The jibundance of pigment was the most striking obser- 
vation in the choroid plexus and this probably accounted for the small 
percentage of vacuolated cells, some of the vacuoles being obscured by 
masses of granular debris. There was considerable hemorrhage present 
in the stroma, which probably accounts for the presence of pigment. 

Case 20. — Marked concussion and confusion of the brain with subdural hemor- 
rhage; compound fracture of the right leg; fracture of the pubic bone; internal 
abdominal hemorrhage ; death from three to four hours after injury. 

A woman, aged 60, was admitted to the Emergency Hospital at 5 :33 p. m. on 
Oct. 18, 1929, with a history of having been struck by an automobile. She was 
unconscious on admission and never regained consciousness. There was a hematoma 
in the left parietal region. Other injuries were a laceration above the left upper 
eyelid, fractures of the upper third of the right tibia and fibula, and a compound 
fracture of the right pubic bone. Slie died at 9 ; 05 p. m. 

The coroner’s examination revealed numerous minor contusions, abrasions and 
lacerations of the head and body. There were compound fractures of the bones 
in the upper third of the right leg. A large accumulation of blood was found 
beneath the entire scalp on the top and back of the head. No fracture of the skull 
or injury to the brain was found, but there was a severe general subdural hemor- 
rhage. There was free blood in the abdomen and a fracture of the right pubic 
bone was found. The cause of death was given as injury to the head, a subdural 
hemorrhage and a fractured pelvis. 

Histologic E.ramination. — Choroid Plexus: A moderate, evenly spread edema 
of the stroma was found which was marked in places by various-sized accumulations 
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scn,e places it had ,h= rcse Jhl^rol 1 I, xlTet °' ‘''' ” 

psammoma bodies as „ell as "fibrin thrombi" PracticX 2 '°"^°°' T" '°™“' 

:ras ' 

x'maf"', ‘T“’ *p'™" "tr„vr« 

cells. The vacuoles vaned considerably in size although none were very la ce 

cSr. :rs“i3fi »* “ 

sose’^ri’fr”; "'“ PPP"""''’*'” o! fluid in the subependimal 

spaces and only m one somewhat extended area was any decree of vacuolitation 
Shown. In this area the nuclei were distorted by the fluid droplets. 


Comment. The edema of the choroid pedicle was greater than that 
in othei paits of stroma. Vacuolization of the choroidal epithelium 
was not as marked (34 pee cent) as would be expected from the severe 
nature of the injury to the head. There was little increase in the height 
of the choroidal epithelium (13.36 microns). Ependymal changes were 
merely suggested. The picture was unquestionably modified by shock 
and intra-abdominal bleeding. 


Case 21, — Large extradural clot and fracture of the base of the skull; death iii 
izvo days. 

A man, aged 21, was admitted to the Los Angeles General Hospital at 12:30 
p. m. on Oct. 6, 1929, having been hit on the head by a billiard cue about 9: 30 p. m. 
the previous daj'. He was deeply comatose, and the left pupil was dilated and fi.’^ed. 
Roentgenograms of the skull showed a linear fracture of the left partietal bone. 
A left subtemporal decompression was performed at 1 : 35 a, m. on October 7, and 
an extradural clot was partially removed. He died at 8: 15 p. m. on October 7. 


The coroner’s examination revealed a small laceration of the scalp in the region 
of the bregma. A large extradural clot was found which covered the lateral por- 
tion of the parietal lobe, measuring inches (11.4 cm.) in length, 3 inches (7. 
cm.) in width and about 1 inch (2.5 cm.) at its greatest depth. The base of the 
skull showed minute lines of fracture on the anterior surfaces of the middle por- 
tions of both petrosal bones, and there were hemorrhages in both orbits which coni 
be seen through the orbital plates. A decompression operation had 
formed and drains inserted. No internal injuries were found. The cause o 
was given as basal fracture of the skull with extradural hemorrhage. 

Histologic Examination . — Choroid Plexus: There was little 
stroma; this did not involve the entire plexus, some tufts retaining pr 
normal aspects. In those which were distended the blood vesse s e 
empty. A few so-called “fibrin thrombi” were seen, but Inithelhl 

found. No hemorrhage or pigment in any quantity was ° char- 

margin was fairly regular in contour, the cells re aining j^rved in most 

acteristic well. The basement membrane seemed to ^ ^ ^|rc„ni- 

places. The vacuoles were not abundant and were usua y Peight of 

Libed. Thirty-three per cent of the cells were vacuolated. Thearera.e 

the choroidal epithelium was 16.68 microns. ^ ^ 

Ependyma : No subependymal edema and httle vaenotoalmn » 
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Comment . — Neither the choroid plexus nor the ependyma showed 
much alteration from normal. Vacuolization of the choioidal epithelium 
was moderately increased (33 per cent) and the choroidal epithelium 
was a little higher than normal (16.68 microns). The fluid spaces 
under the choroidal epithelium were rather large in places and pulsion 
vacuoles were seen pushing into the basement membrane of the choroidal 
epithelium. In this case it seems likely that local compression by the 
blood clot rather than general change was responsible for death. Such 
cases stand in marked contrast to those of severe injury to the head 
incident to traffic accidents. 

Case 22. — Extensive subdural hemorrhage and laceration of the right temporal 
lobe; death in hve days. 

A man, aged 35, was admitted to the Los Angeles General Hospital at 1:15 
p. ni. on Oct. 13, 1929, having been injured in an automobile collision. He was 
restless and semiconscious and was unable, to swallow. The blood pressure was 
95 systolic and 80 diastolic. On two examinations the spinal fluid was found to 
be very bloody and under great pressure. Roentgenograms demonstrated no frac- 
ture of the skull. He died at 3: 30 p. m. on October 18. 

The coroner’s examination revealed a severe general subdural hemorrhage and 
an occipital extradural hemorrhage. Severe laceration of the lower portion of 
the right temporal lobe of the brain was also found. There was a fracture line 
from the right border of the foramen magnum outward, backward and inward for 
about 2 inches (5 cm.). The cause of death was given as fracture of the base of 
the skull with laceration of the brain and hemorrhage. 

Histologic Examination. — Choroid Plexus : The connective tissue stroma was 
variably distended; in some places the edema was e.xtensive, while in other places 
little change was noted. Some of the enlargement of the tufts was due to marked 
engorgement of the blood vessels and to hemorrhagic extravasation. There was 
also considerable free blood in the ventricular spaces. There were numerous and 
various-sized psammoma bodies in the pedicle of the plexus, and numerous so-called 
“fibrin thrombi” in the distal tufts. There was a moderate amount of pigment 
throughout the stroma (fig. 14A). The free margin of the epithelium was regular, 
although here and there individual cells projected. The basement membrane was 
intact almost everywhere. The vacuoles were not numerous (20 per cent) and 
for the most part were small and well circumscribed. The average height of the 
choroidal epithelium was 14.27 microns. 

Ependyma: There were patches of vacuolization although most of the cells 
were normal. There was no subependymal edema. 

Comment . — There was considerable but irregularly distributed 
edema of the stroma with hemorrhagic extravasation into the connective 
tissue and ventricular spaces. The choroidal epithelium and ependymal 
lining were practically normal. The patient lived for five days, but 
showed no evidence of inflammatory reaction in the choroid plexus as 
has been frequently seen in other instances. 

Case 23. — Fracture of the skull; e.xtensive subdural hemorrhage and lacera- 
tion of the brain; death in four or five hours. 
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m. on 
was in 


and he pulse irregular; the patient died at 8; 10 p. m. on the day of the injurj- 
The coroner s examination showed that the petrous portion of the right temporal' 
bone was extensively comminuted, as was the floor of the right middle cerebral 
fossa. A large racture line extended from this region upward and bachvard to 
the right occipital region, immediately beneath the scalp wound previously described. 

here was a severe universal subdural hemorrhage and extensive lacerations of 
the under surfaces of both temporal lobes of the brain. The fourth to the tenth 
ribs inclusive w-ere found to be fractured in the posterior axillary line. The cause 
of death w^as given as compound, comminuted fracture of the skull with laceration 
of the brain. 


Histologic Examination. — Choroid Plexus: A marked, but not S 3 'mmetrically 
distributed, edema of the stroma was found. This tended to be diffuse, although 
in some tufts various-sized collections of free fluid could be made out. The blood 
vessels were markedl}' enlarged and in most places were filled with red blood cells. 
The free epithelial margin showed considerable variation in its regularity, retaining 
in some places its fairlj' smooth contour. In other places the distal ends of the 
epithelial cells were swollen, which gave them an irregular outline. E.xcept in 
regions overhung the accumulations of free fluid, the basement membrane was 
intact. The vacuoles varied considerably in size, some being quite large while 
others appeared as small perinuclear globules or crescents. Twenty-two per cent 
of the cells were vacuolated. The average height of the choroidal cells was 
13.7 microns. 

Ependyma : There was a moderate and fairly extensive vacuolization with 
definite looseness of the subependj'mal tissue. 


Comment . — A marked edema but practically no heightening of the 
choroidal cells was observed in this instance. One would e.xpect 
greater change with death occurring from four to five hours after 
injury. The ependyma showed more extensive vacuolization and edema 
of the subependymal tissue than did the choroid. The low blood pres- 
sure probably indicated a degree of shock. In cases in which the patie 
is in shock during the short period of life, we have found on} 
changes in the choroid. 

Case 24.— Typical interval extradural Itemorrhage on the left side, death 

appro.vimatcly tzvo days after injury. c i 19^9 

A boy, aged 14, was admil.sd ,o .be Me.hodis. fospbal J.. 

having been knocked down by an automobile two ^ ^ Hospital, then to 

scious for a short time. He was taken first to le ' ° for three hours 

the General Hospital and then home^ He^was on the left 

after being struck. .A.t 2 p. m. on Sept. -, delirious with pain. He soon 

side of the head and within a few minutes he v of the skull 

became comatose and was taken to t le lospi ^ 3 „ on September 

showed a fracture in the left te-poropanetal regiom^^ ^..^yities 

3 the left pupil became dilated, and pnera temperature. The 

and double ankle clonus appeared. There was a rapid 
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breathing became irregular and the pulse rapid arid weak. The patient died at 

10: 15 p. m. . , 1 r 

The coroner’s examination revealed a large extradural hemorrhage m the left 
temporal region. A fracture of the skull was found, the fracture line extending 
from the foramen ovale in the left middle cerebral fossa, across the floor of the 
fossa to the side of the skull on the left, thence upward and backward to a point 
just above and behind the left ear. The cause of death was given as fracture of 
the skull and extradural hemorrhage. 

Histologic Examination.— Choro\A Plexus: Moderate, but evenly distributed, 
edema of the stroma was found, marked by numerous and often by large fluid 
spaces. A small amount of pigment was found in the epithelium of the plexus. 
The epithelium was distended with various-sized vacuoles, which reached large pro- 
portions in some instances. Practically all of the epithelial cells showed a diffu‘=e 
edematous change, which gave the cytoplasm a fine lacelike appearance. In many 
cases the nuclei were also vacuolated. Some of the nuclei also showed a horseshoe- 
shaped outline and rupture of the nuclear membrane (fig. 7 A and B). Thirtj’’- 
two per cent of the cells were vacuolated. The average height of the choroidal 
epithelial cells was 16.74 microns. 

Ependyma. — There was a marked tendency to subependymal accumulations of 
fluid and in some localized places the ependyma was distorted and destroyed 
(fig. 19). 

Comment . — This is the only case of extradural, interval hemorrhage 
in the series. The cells were edematous, but there was only a relatively 
slight increase of vacuolization and the choroidal epithelium was only 
moderately heightened. A marked subependymal edema was observed 
with great destruction of this membrane in places. Here again was a 
clearcut case of local, rather than general, pressure, and again the 
changes in the choroid were moderate. The patient would probably 
have lived had the hemorrhage been removed in time. 

Case 25. — Fracture of the base of the skull with subdural and intraventricular 
hemorrhage ; death in si.v hojtrs. 

A boy, aged 4, was admitted to the Emergency Hospital at 6: 15 p. m. on July 
22, 1929, having been struck by an automobile a short time previously. He was 
unconscious and his condition was poor. He was discharged to the Los Angeles 
General Hospital, where he died about six hours after the injury. 

The coroner’s examination revealed a deep laceration of the left side of the 
upper lip and multiple contusions of the head and body. A fracture across the 
floor of the right middle fossa at the base of the skull was found, with a resultant 
subdural and ventricular hemorrhage and concussion of the brain. The right 
lung was also contused. The cause of death was given as fracture of the base 
of the skull, with concussion of the brain. 

Histologic Examination. — Choroid Plexus: The stroma showed a moderate 
but symmetrically involved edema. Embedded in several large masses of fibrin, 
both within and without the stroma, were leukocytes and blood pigment. This 
suggested some degree of inflammatory reaction. There was a small amount of 
pigment diffusely spread throughout the epithelium. The basement membrane 
was distorted in many places by droplets of fluid either in the cell or just beneath 
it. The epithelial margin was extremely irregular, owing in most cases to a 
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marked distention of the distal portion of the individual rell. Ti 
showed considerable variation in size and distribution A few rell 

...n n' localized accumulation of subependymal fluid was 

vrcuolLTdon ^ ependyma itself was free from 

^ Couimcnt. lideiiia was moderate, but an inflammatory reaction was 
present throughout the stroma ; this showed how early such a reaction 
could appeal, as the patient died within six hours after injury. Vacu- 
olization was marked (54 per cent) and the choroidal epithelium high 
(19.35 microns). The ependymal changes were slight in comparison 
with those of the choroid. 

Case 26. — Covipotnid, comminuted fracture of the skull; subdural hemorrhage 
and laceration of the brain; death in ten hours. 

A man, aged 38, was admitted to the Los Angeles General Hospital at 7:40 
p. ni. on July 19, 1929, in semicoma, having been struck by an automobile shortly 
before. He was in considerable shock. Roentgenograms of the skull showed a 
comminuted fracture involving the major portion of the left side of the cranium 
with a stellate fracture in the frontal region and a linear fracture into the parietal 
area. He died at 4; 55 a. m. on July 22. 

The coroner’s examination showed ecchymosis around both eyes and over the 
left side of the head, and a laceration 1 inch (2.5 cm.) deep in the center of the 
forehead. A compound, comminuted fracture involving the left temporal region 
and the left middle fossa at the base of the skull was also found associated with 
laceration of brain tissue and subdural hemorrhage. The cause of death was 
given as fracture of the base of the skull with laceration of the brain. 

Histologic E.vammaiion . — Choroid Plexus: Moderate generalized edema of 
the stroma was present, with a tendency to a circumscribed accumulation o ui ■ 
The epithelial margin varied in regularity, but in no place did it present mar ‘e 
serration. The basement membrane seemed to be fairly well preserve ’ 

out. The blood vessels were large, open and empty. The vacuo es vane 
some extent in size, but some were unusually large. Forty-four per cen o 
cells were vacuolated. The average height of the choroidal epithelial ce 

16.74 microns. 

Ependyma : No change from the normal was observed. 

Comment. -One would expect more changes in the 

in a patient dying in ten hours from the time o k^orobablv 

when the damage to the brain was so extensive. ^ 

accounted for by the energetic treatment with hypertonic 
tion during the hours in the hospital. 

Case 27 .—Extensive comminuted fractures of d'c ^idt, laccr^^^ 
brain; intracranial hemorrhage; death m w / ^ ^ ^ 

A man, aged 38, was struck on the left cm.) and was 

Aug. 21, 1929, by a block of redwood 18 b> 1 
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immediately rendered unconscious. There was bleeding from both ears. The left 
pupil was dilated and the patient had several generalized convulsions. Roentgeno- 
grams of the skull showed an extensive fracture, with ten different fracture lines 
in the vault and other fracture lines across the orbits and the bridge of the nose. 
The blood pressure was 140 systolic and 80 diastolic, the pulse rate 80 and 
respirations 20. He died at 6 ; 10 a. m. on August 22. 

The coroner’s examination revealed large bruises of the right shoulder and 
the right side of the head with extensive hemorrhage into tissues behind the 
eyelids. There were extensive comminuted fractures of the vault and the base 
of the skull, with marked hemorrhage between the skull and the membranes 
covering the brain and between the membranes and the brain. There was also 
marked bruising of both frontal lobes of the brain. The cause of death was 
given as comminuted fractures of the vault and the base of skull, with con- 
tusions of the brain. 

Histologic Examination— Qhoroid Plexus; A marked generalized edema of 
the stroma was present together with some accumulations of fluid in the larger 
tufts. There was a large number of so-called “fibrin thrombi” scattered through- 
out the section. There was a small amount of pigment which was confined almost 
entirely to the epithelium. A few collections of red blood cells and of “fibrin 
masses” were to be found in the intervillous spaces. The epithelial margin varied 
considerably in regularity, some areas having a smooth contour, some being ser- 
rated and others appearing dentate. The basement membrane was distorted in 
many instances. The cells showed a moderate number of vacuoles, many of which 
contained granules of pigment. Forty-two per cent of the cells were vacuolated. 
These vacuoles varied considerably in size. The average height of the choroidal 
epithelial cells was 14.62 microns. 

Ependyma: There was some looseness of the subependymal tissue suggestive 
of local edema. In some places the ependyma was moderately vacuolated. 

Comment . — The degree of edema was the most marked factor in 
the choroidal changes. In this case the cells were moderately vacuolated 
(42 per cent) and little heightened (14.62 microns). The patient was 
twice given 50 cc. of 50 per cent dextrose solution intravenously. In 
spite of this, the choroid plexus showed marked changes and the gross 
changes in the brain were also extensive. 

Case 28 . — Moderate subdural hemorrhage ; a crushed chest; internal abdominal 
injuries; death in about hvo hours. 

A man, aged 47, was admitted to the Emergency Hospital at 6 : 53 a. m. on 
Dec. IS, 1929, having been struck by an automobile shortly before. He was 
unconscious and remained so until his death at 7 ; 53 a. m. The blood pressure 
was too low to be determined. There were evidences of multiple fractures of 
the ribs, internal injury of the chest and general bruising. Shock was pronounced. 

The coroner’s examination revealed multiple contusions, abrasions and lacera- 
tions of the head, body and extremities. No fracture of the skull was found, but 
there was moderate subdural .hemorrhage at the base of the brain. No gross 
injury to the brain was found. All the ribs on the right side were found to be 
fractured in numerous places and the last six ribs on the left side were fractured 
in their posterior half. The sternum was completely fractured at the level of 
the third intercostal space. The right lung showed extensive subpleural lacera- 
tions. There was considerable retrosternal hemorrhage. There was a large 
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hematoma of the transverse mesocolon. Both kidneys showed considerable blood 
in the pelvis, but were otherwise in good condition. The cause of death was given 
as concussion of the brain and shock following injuries of the head and crushing 
injuries of the chest with multiple fractures of the ribs. t 

Histologic Exaviinatiou— Choroid Plexus; There was a moderate generalized 
edema of the stroma which involved the connective tissue of the pedicle as well 
as the distal tufts. In the larger spaces there were various-sized accumulations 
of fluid. There was a small amount of coarse granular pigment, which was 
confined largely to the stroma and the intervillous spaces. The epithelial margins 
showed considerable variation in their regularity. The basement membrane was 
distorted in many places owing to the local accumulation of fluid. The choroidal 
epithelium was marked by extensive vacuolization, the spaces varying considerab y 
in size; some were so large as to fill the cytoplasm of the cell almost completely, 
while in other instances they were small and numerous and gave rise to a lace ise 
appearance. In the latter instance the free margin of the cell was ’^regu ar 
probably ipddenl to the rupture of these sutall 1 'd 

or more moderately sired vacuoles rvas not uncommon. ThirlJ-fonr It” 
the cells were vacuolated. The average height of the choroidal epithelial cells 

'''"Ept,dy:r?here were large localised collections of fluid beneath^ the 
ependyma, particularly about the subependymal blood vessels. In some 
ependyma vvas markedly vacuolated. 

Commciif.-Considerable generalized edema of tlie stroma was pres- 
ent in this case. The vacuolization, while no. 

demonstrated well die ^ ™ ^ choroidal epitlielium 
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lus infection of the right leg had occurred. Amputation of the right leg was carried 
out, and a blood transfusion was given. The patient died about 2 p. m. 

The coroner’s examination revealed what appeared to be a laceration, 3 inches 
long, in the right frontoparietal region. This had been sutured and there was a 
gutta-percha drain in place in the upper angle of the wound. The right thigh 
had been amputated at about the junction of the middle and upper thirds. The 
appearance of the stump indicated that an emergency amputation of a badly 
mangled and probably infected leg had been performed. An elliptical, comminuted, 
depressed fracture of the skull, inches by inches (3.1 by 4.4 cm.), was 
found in the right frontal region immediately under the laceration previously 
described. No injury to the brain was found but there was a moderate amount 
of subdural hemorrhage. The second and third ribs on each side were found 
to be fractured in the midaxillary line. The cause of death was given as shock 
and hemorrhage following mangling injuries of the right leg and other injuries. 

Histologic Examination. — Choroid Plexus: Moderate generalized diffuse 
edema of the stroma was present. The blood vessels were moderate in size and 
empty in practically every case. The epithelial margins were somewhat irregular ; 
the basement membrane was intact in most places and was not markedly dis- 
torted. The vacuoles of the epithelium varied considerably in size, some being 
very small and others assuming large proportions. Some cells contained several 
large vacuoles which almost entirely replaced the cytoplasm. Thirty-six per cent 
of the cells were vacuolated. The average height of the choroidal epithelial cells 
was 16.14 microns. 

Ependyma : Practically no vacuolization or subependymal edema was found. 

Comment . — In this instance there was moderate diffuse edema of 
the stroma as well as increased vacuolization (36 per cent) of the 
choroidal epithelium. The cells were somewhat heightened (16.14 
microns). No vacuolization of the ependyma and no subependymal 
edema were found. This patient would almost certainly have recov- 
ered from the injury to the head alone, as it consisted of a moderately 
depressed frontal fracture which was elevated. In addition, he had 
concussion of the brain. His death was due to a gas bacillus infection 
of the right leg. It is felt that the changes found in the choroid plexus 
described often occur in various types of injury to the head from which 
the patient recovers. 

Case 30. — Moderate subdural hemorrhage; multiple fractures of the ribs, right 
forearm and left ankle; death in si.v hours. 

A man, aged 62, was admitted to the Emergency Hospital at 6 : 40 p. m. on 
Dec. 16, 1929, having been struck by an electric train at about 6 p. m. He was 
transferred to another hospital where he died at about 10 p. m. No adequate 
record of a physical examination was found. 

The coroner’s examination revealed multiple abrasions and contusions of the 
head, body and extremities. The right ulna, the first two ribs and last six ribs 
on the right side and the sixth rib on the left side were fractured. There was 
also a dislocation of the ninth on the tenth dorsal vertebra, and of the left sacro- 
iliac articulations. There was slight subdural hemorrhage, but the brain showed 
no gross evidence of old or recent injurj'. Severe contusions and hemorrhages 
into the muscles of the front and right side of the chest were found. The right 
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, , ’ ^ ^ mucosa and peritoneum were still intact The liver 

separat on of the left sacro-ihac articulation. The cause of death was given as 

eiiorrhage from multiple fractures of the ribs and a lacerated lung, with other 
severe injuries. 


Histologic E.xamnation.~Qhovo\6 Plexus; Trfere was extensive edema of 
the stroma wduch involved the whole plexus. Numerous large collections of fluid 
^Ycre found. The blood vessels were open but not particularly distended and in 
a few cases they contained red blood cells. Numerous “fibrin thrombi” and calco- 
spheres were found, the latter being most abundant in the pedicle of the plexus. 
Coarse granular pigment was found in moderate amounts both within the stroma 
and in the intervillous spaces. In the stroma were found large phagocytic cells 
loaded with light brown pigment. The epithelium showed Considerable variation 
in the contour of its free margin. The basement membrane in most places had 
been cither compressed or distorted by the underlying accumulation of fluid. 
The vacuoles showed considerable variation in size and distribution; some of 
them were ver 3 ' large but most of them were moderate in size. In a few individual 
cells the cytoplasm was tremendously swollen; on close inspection it was found 
to be loaded with minute vacuoles. Under higher magnifications, the connective 
tissue of the stroma was seen to be separated by the fluid to form a fine meshwork 
of fibrils. Thirty-five per cent of the cells were vacuolated and the average height 
of the choroid epithelium was 13.76 microns. 

Ependyma: The ependymal lining was symmetrically and moderately vacuo- 
lated. There was no subependymal edema. 


Coiimicitt. — This was an example of extensive edema of the stroma 
of the choroid plexus. There was also a considerable increase in pig- 
mentation. Vacuolization was not greatly increased (35 per cent) and 
the choroid epithelium was of about normal height (13.76 microns). 
The choroid picture should probably be classified as of the full blown 
type. A maximal amount of edema was present, death occurring 
approximately six hours after injury. The ependyma and subepe 
dyinal tissue showed relatively little change. 

Case Z\.— Extensive subdural hemorrhage; period of suivival after mjwy 

'"Tman, aged 57, was admitted to the Los Angeles ^^1 

scious and in deep shock, having been picked up y an am i 

the San Gabriel Canyon. No physical examination was made as the pat.e 

five minutes after arrival at the hospital. 

In the coroner’s examination no fracture o i 
exlensire s»bd«r.! hOTorrhage as well as some >’e™^ 
tbe brain. The ennse of death was given as snbdnral " 

Histologic Choroid Plexus. ‘\^n’ra,-efal toffs. Tlicrc was 

the stroma^vas found involving both the Pf ''' T »»« 
a tendency toward localized collections o tremendous nuuilier oi 

apparently in the stroma of the pedicle, was touno 
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macrophages loaded with debris. In the better stained portions of this area the 
debris had a reddish cast which seemed to be of the nature of blood pigment. 
There were fairly numerous “fibrin thrombi” in the peripheral tufts, and numbers 
of well formed concentric psammoma bodies were found throughout the pedicle. 
The blood vessels were open and many of those in the distal tufts contained red 
blood cells. The free margin of the choroidal epithelium was regular in contour 
in most places. The cells were not extensively vacuolated. Those that were 
present varied in size from small concentric, clear zones about the nucleus, to 
large, well circumscribed vacuoles filling the major portion of the cell. The 
basement membrane was somewhat distorted by the edema of the stroma and 
may have been destrojxd in the regions bounding the larger fluid space.« Twenty- 
six per cent of the cells were vacuolated. The average height of the choroidal 
epithelium was 11.03 microns. There was a little coarse granular pigment, chiefly 
in the ventricular space. 

Ependyma; There were no alterations except for minor vacuolization in some 
places, which was not beyond the limits of normal. No subependymal edema was 
present. 

Comment . — The exact nature of the injury or the time that elapsed 
between the injury and death are not known. The changes in the 
stroma of the choroid plexus, however, were marked. There was exten- 
sive edema with many macrophages loaded with debris. This last 
observation probably indicates destruction of blood and phagocytosis 
rather than inflammatory changes in the choroid plexus. The observa- 
tion that the “full blown” type of choroid plexus appears between two 
and four hours after injury may indicate that this patient died about 
that long after his injury. 

Case 32. — Basal fracture of the skull zaith subdural hemorrhage; death ivithhi 
an hour. 

cs A woman, aged 64, was injured about 8:30 p. m. on Jan. 23, 1930, when she 
was struck by a hit and run driver. She was dead when picked up by the 
police. The body was taken directly to the coroner. 

The coroner’s examination revealed multiple extensive contusions about the 
head, body and extremities and a compound fracture of the bones of the left leg. 
There were severe comminuted fractures of almost the entire base of the skull, 
with severe general subdural hemorrhage. Both lungs showed moderate contu- 
sions. The cause of death was given as comminuted fracture of the base of the 
skull with subdural hemorrhage. , 

Histologic E.vaminatiou . — Choroid Plexus; Moderate edema of the connective 
tissue stroma was present which seemed to involve the plexus asymmetrically. 
The pedicle seemed to be more involved than the distal tufts, some of which 
retained almost their normal morphologic appearance. The blood vessels were 
open and many of them still contained red blood cells. “Fibrin thrombi” were 
fairly numerous and an occasional small psammoma body was found. The epi- 
thelium showed a fairly regular contour, although here and there marked varia- 
tions in individual cells were noted. The vacuoles varied considerably in size. 
In some cells they were numerous and small, giving a lacelike appearance to the 
c\-toplasni, while in others they were large and well outlined. Thirty-nine per 
cent of the cells were vacuolated. The average height of the choroidal epithelium 
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Comma, t.~hy this instance death was due primarily to the iniury 
0 tlie patients head, and it occurred within an hour, possibly within a 
few minutes, of the time of the accident. Fulminating subdural hem- 
oiriage, multiple fractures of the skull and moderate edema of the 
stroma were present. For the most part, the vacuoles were small, 
breaking the cytoplasm of the cells into lacelike strands. Possibly death 
occurred before extensive large vacuole formation had time to develop. 


Case 33. Basal fraclnrc of the skull; general subdural hemorrhage; fracture 
of both bones of the left leg; fractured ribs and a torn king; death in fzoo hours. 

A Japanese girl, aged 4 years, was struck by an automobile, at about 3 p. m. 
on Jan. 13, 1930. She was taken to the Emergency Hospital and was then trans- 
ferred to the Japanese Hospital. She was badly shocked, having signs of frac- 
tured ribs and clavicle and of hemothorax. The left tibia and fibula were broken. 
She died at 5 ; 30 p. m. 

The coroner's e.xamfnation showed multiple contusions and lacerations of the 
body and extremities and a compound fracture of both bones of the left leg. A 
moderately severe general subdural hemorrhage was found, together with a basal 
skull fracture, 1J4 inches long, extending backward from a point near the inner 
end of the petrous portion of the right temporal bone. The right lung was 
collapsed and the right pleural cavitj’’ contained about a pint of blood. The upper 
lobe of the rfgiit lung was torn almost completeb’^ in two. There was a fracture 
of the first right rib near its sternal end. The cause of death was given as 
hemothorax from a ruptured lung and other severe injuries. 


Histologic F.ranihiatioir.— Choroid Plexus ; There was moderate edema of the 
stroma which involved the terminal tufts symmetrically. The edema seemed to 
be rather diffuse, although some tendency to local collections of fluid could be 
observed. The blood vessels were open and empty. There were a few ‘‘fibrin 
thrombi” scattered throughout the section, but no psammoma bodies could be 
seen. The epithelial margin showed considerable variation in regul^ky, some 
places being smooth, while others were much distorted and torn. There vas 
likewise an extensive variation in the vacuoles, some of whici were a 
Twenty-eight per cent of the cells were vacuolated. In many places ‘ 

edema was manifested b 3 " a collection of small droplets, especia y 
portion o£ the ceil. The rupture of these small toplets 

svas probably the explanation for the torn appearance o^ the p.the .al e_^^ 

The average height of the choroidal epithelium wa, 12.10 

membrane seemed to be considerably distorted and compressed b> the 

Ependyma; In some places there seemed to be ^ 
ependymal collections of fluid and the ependyma was moderate, 
otherwise it show'ed no change from the normal. 
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Comment . — In this instance there was fairly marked edema of the 
stroma, as well as general edema of the choroidal epithelium. Vacuoli- 
zation took the form of small droplets. Death occurring within two 
hours may explain why larger vacuoles were not formed and why more 
cells were not vacuolated. There was also considerable subependymal 
edema. 

Case 34. — Basal fracture of the skull; subdural hemorrhage ; both legs broken 
below the knees; death in from four to five hours. 

A man, aged 34, was struck by an automobile on the evening of Jan. 13, 1930. 
He was taken to the Emergency Hospital, where he died at 11 : 45 p. m. There 
were fractures of both legs below the knees and general bruising. 

The coroner’s examination revealed multiple contusions and lacerations of the 
face and scalp. Both bones of both legs were broken just below the knees. A 
severe general subdural hemorrhage was found. There was a fracture of the 
base of the skull, consisting of two fracture lines, each about 1 inch long, in the 
floor of the left anterior cerebral fossa. The cause of death was given as frac- 
ture of the base of the skull, with subdural hemorrhage and shock following other 
severe injuries. 

Histologic E.vamination. — Choroid Plexus: Moderate edema of the stroma 
was found which involved the plexus symmetrically. Many of the tufts were 
torn and distorted, suggesting a loss of solidarity of the connective tissue stroma. 
The blood vessels of the terminal tufts were moderate in size and still contained 
red blood cells in many instances. There were occasional “fibrin thrombi” but no 
concretions were found. The free margin of the epithelium showed consistently 
an irregular outline, owing largely to swelling of the distal portions of the 
epithelial cells. The large vacuoles were not as common as in some of the other 
cases of the series, but the cells seemed to be marked by diffuse edema which 
filled the cytoplasm in the form of numerous tiny droplets. Twenty-seven per 
cent of the cells were vacuolated. The average height of the choroidal epithelial 
cells was 12.04 microns. The basement membrane was almost universally com- 
pressed, distorted or torn by the underlying collections of fluid or edematous 
stroma. 

Ependyma: The subependymal tissue was loosely arranged as though filled 
with fluid, and the overlying epithelial cells were extensively vacuolized with 
marked distortion of their nuclei. 

Comment . — In this instance edema of the choroid plexus stroma 
and subependymal spaces was moderate. Vacuolization of the choroid 
epithelium consisted of tiny droplets filling the cytoplasm. Vacuoliza- 
tion of the ependyma was marked, causing great distortion of the 
nuclei. Shock probably was a large factor in bringing about the patient’s 
death and in all likelihood is the explanation for the absence of more 
marked changes in the plexus. 

Case 35. — Basal fracture of the skull and fulminating subdural hemorrhage ; 
death within an hour. 

A boy, aged 9, was struck by an automobile while crossing the street. He 
immediately became unconscious, and was dead by the time the ambulance reached 
the Emergency Hospital. No physical examination was recorded. 



386 


ARCHIVES OF SURGERY 


tau. bones of .he left ,eg a. abon. .be innc.io„ o, .t ”?Me~rS:' A 

severe general subdural hemorrhacre was fnnnri tu 

Jrac.„^ Of .be base of .be sb„„/k«:.es°ron.^f';:. 

the first cervical vertebra and of the odontoid process of the second cervical 

ordeath dislocation of the skull on the atlas. The cause 

all ff f ^7'? hemorrhage 

and fractures of the cervical vertebrae. 

Histologic Examination.-ChoroiA Plexus: Fairly marked and symmetrically 
disposed edema of the connective tissue stroma was observed. This seemed to 
be rather diffuse, with a minor tendency to localized collections of fluid. Some 
coagulated fibrin and red blood cells undergoing decomposition were found in the 
\entricular space. The blood vessels were open and in some instances contained 
red blood cells. Under low magnification the epithelial margin in the main 
appeared regular, but when observed under higher power it showed considerable 
laceration. The vacuoles were not as abundant as in some cases, and large ones 
that filled the entire cell were the e.xception. The cytoplasm manifested its fluid 
content by' the presence of numerous small droplets, which gave the cell a coarsely 
granular appearance. Thirty per cent of the cells were vacuolated. The average 
height of the choroidal epithelium was 13.86 microns. The basement membrane 
was frequently irregular and compressed by droplets of fluid in the stroma (fig. 
10). In a few circumscribed areas large phagocytic cells containing brown pig- 
ment could be found. 

Ependyma : There was little tendency toward subependymal collections of 
fluid, although the epithelium in some areas was markedly vacuolated. In most 
places it showed no change from the normal. 

Comment . — When one considers that the patient was dead within 
an hour of the time of the injury, one is surprised at the amount of 
edema found in the stroma of the choroid plexus. Vacuolization of 
the choroid epithelium had also begun to increase (30 per cent). Theie 
was little change in the ependymal or subependymal tissue. 

Case 36.~Dcprcsscd fracture of the skull, subdural hemorrhage and secondary 

meningitis; death in four days. t on 

A Japanese, aged 52, was struck by a street car at 10 : 30 p- m. 

1930. He sustained a fractured skull together with severe 

subsequently developed, and he died at 10.05 p. m. on anuary . £ j] 

The coroner's examination revealed multiple 
head, body and extremities. A severely comminuted, p^Hetal 

in the left anterior and middle cerebral fossae, ex en severe 

bone. There were severe contusions of the lower of 

general subdural hemorrhage and hemorr age n ^ fibrinopurulent 

."he rish. cerebral herbisphere .here depressed 

d SsSr— ..^hra., 

rhage and secondary meningitis. edema of the stroma 

Histologic Choroid Plexus • x localized areas 

involved the plexus asymmetrically. Many markedly distended, 

of the pedicle, particularly about the larger vessels, 
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Others retained a' more nearly normal morphologic appearance. There seemed to 
be some localized masses of pigment in the region of the larger blood vessels, but 
this was not the rule. The blood vessels were open and for the most part empty. 
“Fibrin thrombi” were numerous in the distal tufts and an occasional psammoma 
body was found in the pedicle. The epithelium showed a marked irregularity of 
its free margin owing to swelling of the individual cells. The vacuoles were 
fairly numerous and in many cells reached unusual proportions. Forty-seven per 
cent of the cells were vacuolated. The average height of the choroidal epithelium 
was 15.56 microns. Some of the individual cells were more swollen by a 
diffuse edema than by circumscribed vacuoles. The basement membrane was 
indistinct, in some places owing to a diffuse swelling of the subepithelial connective 
tissue. 

Ependyma: There was little tendency to subependymal accumulation of fluid. 
Throughout the extent of the ependyma the lining cells were practically free from 
vacuoles. 

Comment. — In spite of the fact that the patient died of secondary 
meningitis, as shown by the coroner’s report, study of the choroid 
plexus revealed no evidence of recent inflammation. Several other 
instances (cases 6, 40 and 41) showed undoubted signs of infection in 
the choroid plexus, but grossly no evidence of meningitis was made out. 
In this instance, vacuolization (47 per cent) was fairly marked, and the 
choroidal epithelial cells were considerably heightened (15.56 microns). 
The ependyma and subependymal tissues showed little change. 

Case 37. — Concussion; compound fracture of the base of the skull; subdural 
hemorrhage. 

A man, aged 65, was found lying dead in a storm drain in one of the city 
parks. There was a wound on the head. It was thought that he stumbled into 
the drain the previous night. 

The coroner’s examination revealed several large lacerations and contusions 
about the head and extremities. A slight degree of subdural hemorrhage was 
■found associated with multiple fractures of the base of the skull. The vessels 
of the brain were sclerotic, and one small vessel at the base on the right side was 
completely closed by the sclerotic process. A small necrotic area in the posterior 
portion of the right internal capsule of the brain was evidently of several weeks’ 
standing. The cause of death was given as concussion of the brain and subdural 
hemorrhage following compound fracture of the base of the skull; contributory 
factors were cerebral arteriosclerosis and degeneration. 

Histologic Examination. — Choroid Plexus: A moderate degree of edema was 
present which did not involve the plexus symmetrically. Some tufts showed little 
change from normal. There were a few so-called “fibrin thrombi” in the terminal 
tufts and an occasional psammoma body in the pedicle. There were red blood 
cells in the ventricular space. The epithelial margin was irregular, owing chiefly 
to swelling of the distal end of individual cells which gave a sort of dentate 
appearance to the outline of the villus. The cells seemed to be much elongated 
and many of them contained large vacuoles. In some the vacuoles were small 
and maintained a position close to the nucleus. Thirty-nine per cent of the cells 
were vacuolated. The average height of the choroidal epithelium was 15.48 
microns. The basement membrane was not always clearly made out because of 
the collection of fluid in the stroma beneath it. The blood vessels were open and 
many of them contained red blood cells. No pigment was found in the epithelium. 
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Ependj'ina ; There was a 

of fluid and in most places the epithelium 

Comment.- 


definite todenc). to the subependyto .1 acc„n,„la,io„ 
was more vacuolated than normal. 


It 


In this instance the method of injury was obscure 

j™L n ” *= PMient died, or how long 

he had been dead when found. The study of the choroid plexus and 

epend,™.a would md.cate that this had been some time, probably more 
tian SIX houis, as there was considerable edema of the stroma. 

Case 3S.~Compouud fracture of the base of the skull; a lacerated brain; sub- 
dural hemorrhage; death in four hours. 

A man, aged 64, was struck by an automobile while waiting for a street car. 

e arrived at the Emergency Hospital at 5:01 p. m. on Jan. 23, 1930, and died 
at 9 p. 


m. 


The coroner s^ e.xamination revealed multiple lacerations and contusions of the 
head and extremities. A fracture of the base of the skull with very severe gen- 
eralized subdural hemorrhage was found. There was also severe laceration of 
the lower portions of both frontal lobes of the brain and the left half of the 
cerebellum was almost completely destroyed. The base of the skull was exten- 
sively fractured. The third, fourth and fifth left ribs were found to be fractured 
in the posterior a.xillar}' line. The cause of death was given as compound fracture 
of the base of the skull with lacerations of the brain and subdural hemorrhage. 

Histologic E.vamination. — Choroid Plexus: Extensive edema was observed 
which involved the choroid plexus quite evenly. In many places various-sized 
fluid spaces were found. Numerous so-called “fibrin thrombi” were found scat- 
tered throughout the plexus. The blood vessels were open and in most cases 
empty; considerable hemorrhage was found in the ventricular space. The free 
margin of the epithelium appeared irregular in many places, apparently owing to 
the rupture of many small, distally placed vacuoles. The vacuoles appeared to 
be of one or two sizes, the first appearing as fairly small, definitely circumscribed 
spaces, and the others as larger spaces which in some instances filled the cytoplasm. 
Fifty-one per cent of the cells w^ere vacuolated. The average height of the 
choroidal epithelium was 15.56 microns. A diffuse cellular edema was manifested 
by numerous clear droplets which filled the cytoplasm of some of the cells. 
Pigment in finely divided granules was found in some of them. The basement 
membrane was irregular and torn in many places owing to local accumulations 

of fluid, , 

Ependyma : The subependymal tissue in most places was solid except wlierc 

the ependyma became continuous with the epithelium of the p exus. , 

tissue appeared much looser and the tall ependymal cells were much vacuolated. 

In one or two other places the ependyma was vacuolated to a s ig it egr 

Comment.— The patient died approximately four hours after being 
injured. The choroid plexus showed marked changes 
stroma was extensive, vacuolization of choroi a epi ^ 

(51 per cent) and individual cells “ns.derably he.^.taed (1^ 

Kerens). The choroidal epithelium con- 

choroid plexus resembled the ‘ full blown >pe w 
sistently seen in cases In which death occurred from t»o to 

after injury. 
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Case 39. — SubdiDcl hemorrhage and pneumonia; death in live days. 

A Mexican, aged 60, was brought to the California Lutheran Hospital at 12:40 
p. m. on Jan. 20, 1930, in an unconscious condition. He could be aroused enough 
to talk, but was unable to give any details regarding his injury. He soon became 
irrational and delirious and died at 1 : 30 a. m. on Januarj’^ 25. 

The coroner’s examination showed multiple abrasions, contusions and lacera- 
tions about the head, body and extremities. No fracture of the skull was found, 
but there was a severe general subdural hemorrhage. Both lungs showed exten- 
sive consolidation and contusions. The first six ribs on the left side were frac- 
tured near their sternal ends and the first three ribs on both sides showed 
fractures near their vertebral ends with jagged ends protruding into the cavity 
of the chest. The cause of death was given as subdural hemorrhage following 
injury to the head, pneumonia following fracture of the ribs and contusions of the 
lungs. 

Histologic Examination. — Choroid Plexus : The edema of the plexus stroma 
was asymmetrical. Some villi, particularly those along the main pedicle, were 
tremendously swollen, while other more distally placed tufts showed a minor 
degree of change. The blood vessels were wide and mostly empty. In the base 
of the pedicle of the plexus there was an extensive hemorrhagic extravasation. 
A few “fibrin masses" were scattered throughout the field. The epithelial margin 
was regular, as was the basement membrane in most places. Over various local 
accumulations of fluid the latter was either torn or compressed. The epithe- 
lium showed a moderate degree of vacuolization, the clear spaces being in the 
form of either intermediate-sized vesicles or tiny droplets. Thirty-five per cent 
of the cells were vacuolated. In the latter instance a typical lacelike appearance 
of the cytoplasm was observed. The average height of the choroidal epithelium 
was 14.62 microns. 

Ependyma: The subependN'mal tissue was somewhat loose in some places, 
possibly owing to edema, but the epithelium itself showed practically no vacuoli- 
zation. 

Comment . — The choroid plexus showed only moderate changes five 
days after injury. The edema of the stroma was moderate and asym- 
metrical. Vacuolization of the choroidal epithelium (35 per cent) was 
somewhat increased and the cells were somewhat heightened (14.62 
microns). No signs of inflammation of the choroid plexus were made 
out in spite of pneumonia and death five days after injury. This picture 
may represent a receding condition rather than that present at the 
height of the cellular activity. 

Case 40. — Compound, comminuted, depressed fracture of the skull; meningitis; 
death in nineteen days. 

A man, aged 52, was hit by an automobile while he was crossing the street at 
about 7:25 p. m. on. Dec. 25, 1929. He was taken to the Emergency Hospital, 
and then to the White Alemorial Hospital where he died at 2 : 25 p. m. on 
January 12. No detailed examination was recorded. 

The coroner’s examination revealed multiple contusions and lacerations of the 
head and extremities. The meninges were found to be somewhat cloudy and the 
brain was densely adherent at the tip of the left occipital and left frontal lobes to 
the fracture of the skull. These two areas seemed to have been severely contused 
and at the time of autopsy were found to be infected and disintegrating. The 
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cerebellum was covered with thick grayish-yellow d.k t; 
fracture of the base of the skull and a J.nr ^ J ^ ^ 

were ctcsivcb. comoIwLcrl/tifSr 

u-all by recent fibrinous adliesions The fifth <;• fh ^ adherent to the chest 
side were found to be Ir.rnZT-' J ^ an the right 

.>.0 ba .0 of «.c aJlflVil'iS':"" ' 

Histologic E.vamhiation. — Qioroid Plevuc- . i 

the stroma which involved the plexus throughout its extend "xhelLdwlds 

ta c'LrL””!' or”’””'' ‘"f T ®''‘' 

interest ^^as he presence of polymorphonuclear leukocytes in the intervillous 

rii; ^ 

tiA ^ eP'fhehal margin was irregular owing to the breaking up of 

the cells consequent to edematous change. The epithelial cells contained vacuoles 
o wide y varied size, some being very large and others in the form of tiny droplets, 
horty-tliree per cent of the cells were vacuolated. The average height of the 
choroidal epithelium was 15.48 microns. 

Ependyma . The subependymal tissue was rather loose in structure and in 
one or two places the epithelium was vacuolated. 


Comment . — In this case, in which death occurred from meningitis 
nineteen days after injury, there were evident changes in the choroid 
plexus. Edema of the stroma was moderate, and vacuolization of the 
cells was much increased (43 per cent). The choroidal epithelial cells 
were also heightened (15.48 microns). Inflammatory changes were 
present in the stroma and along the ependymal margin where many 
Ieukoc 3 'tes were seen. These inflammatory changes, while definite, were 
not as marked as one would expect in a case of advanced meningitis. 


Case 41. — Compound, comminuted, depressed fracture of the skull, ivith lacera- 
tion of the brain; death in three and a half days. 

A man, aged 27, was injured about 1 a. m. on Jan. 16, 1930, when his automobile 
crashed into a cement wall. He sustained an extensive depressed fracture in tbe 
right frontal region, together with concussion and contusion of the brain, and he 
was taken to the Sylvan Lodge Hospital in a state of shock. A blood transfusion 
was carried out. A spinal fluid leak developed from the wound. On January , 
the depressed bone was elevated and bubbles of air came through the frontal 
The patient’s condition remained critical and he died at 3: 10 p. m. on January 
The coroner’s examination revealed a depressed fracture in the right 
parietal region associated with severe hemorrhage into the tissues aroun 
eyes. Other lacerations and contusions about tlie face, neck and . 

also observed. On opening tbe head a severe general sub ura 
severe lacerations of the right frontal lobe of the brain were om . 
an extremely severe, depressed, badly comminute rac ure o and 

skull involving both the middle and anterior cerebral . comminufed, 

right parietal bones. The cause of death was given _as ’ 

depressed fracture of the base of the skull, with laceration of the brain. 

Histologic E.aminotion.-Choroid Plexus: op^n 

present which involved the plexus ^ ‘ p^casionar'fibrin thrombus’’ 

and in many cases were filled with red blood ce . 



RAND-COURVILLE— HISTOLOGIC STUDIES OF BRAIN 391 

was seen and numerous psammoma bodies were encountered in the pedicle. In 
one or two places hemorrhagic extravasations had taken place in the base of the 
plexus. Coagulated fibrin and large numbers of polymorphonuclear leukocytes 
indicated septic meningitis (infection) (fig. 15). The epithelial margin seemed to 
be symmetrical. The cells contained unusually small vacuoles. Thirty per cent 
of the cells were vacuolated. Many of the cells showed numerous small droplets 
in their cytoplasm. Higher magnifications revealed an irregularity of their free 
margin. The average height of the choroidal epithelium was 13.76 microns. The 
basement membrane was irregular and distorted in many places. 

Ependyma: The ependyma and subependymal tissue showed no variation from 
the normal. 

Comment . — This case sho-wed diffuse edema of the stroma which 
was symmetrical. Large areas of coagulated fibrin containing many 
polymorphonuclear leukocytes were found, which seemed to indicate 
infection. The coroner, however, did not find evidence of meningitis. 
The ependyma showed leukoc 3 Tes attached to its margin, also indicative 
of inflammation. 

Case 42. — Concussion of the brain and other severe injuries; death within an 
hour. 

A man, aged 67, fell down an elevator shaft at about 5:30 p. m. on Jan. 25, 
1930, sustaining a fractured pelvis, multiple fractured ribs, concussion of the brain 
and other injuries. He was taken to the Emergency Hospital in extreme shock 
and died at 7 ; 10 p. m. on the same day. 

The coroner’s examination showed multiple contusions and lacerations of the 
head, body and extremities. No fracture of the skull or free hemorrhage was 
found, but there was severe capillary hemorrhage throughout the brain substance 
and pons. In addition a left hemothorax, bilateral congestion of the lungs, multiple 
fractured ribs, rupture of the spleen and fracture of the pelvis were also noted. 
The cause of death was given as concussion of the brain, shock following injury 
to the head, fractured ribs, a punctured lung, hemothorax and other severe injuries. 

Histologic Examination. — Choroid Plexus: There was moderate edema of the 
stroma which involved the plexus symmetrically. The blood vessels were full 
and in most cases contained red blood cells. Numerous “fibrin thrombi” and 
psammoma bodies were found. The epithelial cells showed a fairly regular margin 
and the basement membrane was intact in most places. The few vacuoles were 
fairly well circumscribed. Thirty-five per cent of the cells were vacuolated. The 
average height of the choroidal epithelium was 15.39 microns. No pigment was 
found. 

Ependyma: No change of ependyma or subependymal tissues was seen. 

Comment . — In this instance edema of the stroma was slight as would 
be expected when death was sudden and particularly when shock was 
present. Vacuolization of the choroidal epithelium was more than one 
would expect (35 per cent) and the height of the epithelial cells was 
considerably increased (15.39 microns). When one encounters such 
observations in conditions that seem to counteract any tendency 
to pressure, there must be a multiplicitA’ of contributing factors. 



392 


archives of surgery 


A man, aged 48, was injured at about 3:40 p. m on Tan' 20 19^0 i 
was struck by an automobile. He was transferred frnn. 

The coroner’s examination revealed multiple contusions, abrasions and lacera- 
tions of the head, body and extremities. A moderate subdural hemorrhage was 
tound over the left cerebral hemisphere and a moderate extradural hemorrhage at 
tie ase of the skull on the same side. There were multiple fractures of the base 
of the skull. The lungs were both massively consolidated. The sixth rib was 
found to be fractured in the niidaxillary line. The cause of death was given as 
fracture of the base of the skull with extradural and subdural hemorrhage and 
bronchopneumonia following fracture of the ribs. 

Histologic Examination . — Choroid Plexus: There was moderate edema of the 
plexus. The blood vessels were moderate in size and in many cases were filled 
with red blood cells. “Fibrin thrombi” were numerous. The free margin of the 
epithelium was regular in most places, although here and there individual cells 
seemed to be broken up by the rupture of the surface vacuoles. The vacuoles 
varied considerably in size and position from multiple small droplets to vacuoles 
that occupied almost the entire wall. Forty-one per cent of the cells were 
vacuolated. The average height of the choroidal epithelium was 14.36 microns. 
The basement membrane showed considerable distortion in many places. 

Ependyma : The subependymal tissue seemed to be rather loose and in some 
places the epithelium was extensively vacuolated. 


Comment . — Edema of the plexus was only moderate, but vacuoliza- 
tiojj of the dtoroidal epithelium was marked (41 per cent). The 
choroidal cells were moderately heightened (14.36 microns). The 
subependymal tissue was edematous and the epithelial cells themselves 
were extensively vacuolated in places. Vacuolization was rather more 
marked than is usually seen after the first few hours. It may be ques 
tionable wdiether general intracranial bleeding tended to continue the 

pressure. 


Case 44.-D{slocation of the first ceroical vertebra; contusion of the sfinal 

cord; subdural hemorrhage. . m in „ m nn Tan 25, 

A woman, aged 42, was struck by an automobile ® 

1930, while crossing the street. She was picked up dead by P 

examination showed multiple s^re 

riiere were a fracture of the left humerus an ^ of skull. The 

severe general subdural spinal cord was contused but not 

irst cervical vertebra was dislocated an laceration of the lungs 

evened. There were -f :!:;tem of the spleen, liver 
md blood in the pleural cavities. There hemorrhage. The cause 

nd left kidney with intrapentoneal and retr p 
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of death was given as dislocation of the skull on the vertebral column, with con- 
tusion of the spinal cord, subdural hemorrhage and other severe injuries. 

Histologic Examination.— Choroid Plexus: Diffuse symmetrical edema of the 
stroma was found. There were fairly numerous “fibrin thrombi” and concretions 
in the stroma. The free margin of -the epitlielium was regular in most places. The 
vacuoles were moderate in size and fairly well circumscribed. Fifty-one per cent 
of the cells were vacuolated. The basement membrane showed but minor dis- 
tortion. The average height of the choroidal epithelium was 15.05 microns. The 
blood vessels were moderate in size and in many instances contained red blood cells. 

Ependyma: No vacuolization was present in the ependyma nor was any 
subependymal edema found. 

Comment . — In spite of the fact that this patient apparently died 
within a few minutes of the time of injury, there was diffuse symmet- 
rical edema of the stroma with a marked increase of vacuolated cells 
(51 per cent). The vacuoles, however, were moderate in size and well 
circumscribed. Several large cells measuring more than 26 microns 
were found. The average height of the cells was 15.05 microns. No 
essential change in ependyma or subependymal tissue was seen. The 
occurrence of fairly marked changes in the plexus in cases of immediate 
death suggests the possibility of some postmortem activity of the plexus. 
^^'’e see no other way to explain the occurrence. 

Case 45. — Concussion of the braht; dislocation of the fifth cervical vertebra; 
death in forty-one hours. 

A man. aged 21, was injured in an automobile accident at 11 p. m. on Jan. 24, 
1930, and was brought to the Los Angeles General Hospital on January 25. He 
was rendered unconscious at the time of injurj', but soon recovered consciousness. 
Clinically he showed signs of cervical injury to the spinal cord. Roentgenograms 
showed displacement of the fourth cervical vertebra on the fifth, or vice versa. 
The patient died about 4 p. m. on January 26. 

The coroner’s examination showed a few small, moderately severe contusions 
of the right side of the head and face, a small contused abrasion of the back of 
the right shoulder, and a similar small contusion of the left shin. No fracture 
of the skull, hemorrhage or injury to the brain was found. By dissecting the soft 
parts away from the front of the vertebral column the fourth cervical vertebra 
was found to be dislocated forward on the fifth cervical vertebra. The cause of 
death was given as dislocation of a cervical vertebra, with injury to the spinal cord. 

Histologic E.vamination. — Choroid Plexus: The plexus showed a moderate 
degree of edema which was symmetrical in distribution. The blood vessels were 
empty and not dilated. Numerous small “fibrin thrombi” were found throughout 
the field. The epithelium showed a fairly regular outline with little alteration in 
the morphology of its cells. Man 3 ' of the cells were small, although some of them 
reached large proportions. Forty-four per cent of the cells were vacuolated. The 
average height of the choroidal epitlielium was 15.82 microns. 

Ependyma : The subependymal tissue seemed to be rather loose in some places 
and a moderate degree of i-acuolization ivas present throughout its extent. 

Comment . — This case, in which an injun- to the cervical cord was 
the prime cause of death, is included because the patient also sustained 
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a concussion of the brain, being unconscious for several hours He 
probably would have recovered had the concussion been the only injury. 

ere weie moderate edema of the stroma and a considerable increase 
of vacuolization of the choroid (44 per ?ent). The choroidal epithelium 
cells were definitely heightened (15.82 microns). Many nonfatal cases 
of concussion probably have as many clianges in the choroid ple.xns 
and ependyma as is shown in this instance, for the head injury itself 
would correspond to the conception of mild concussion. Hypertonic 
dextrose solution was not given. This perhaps accounted for the com- 
paratively marked evidence in the choroid. 


Case 46. Concussion of the brain; subdural hemorrhage; a crushed chest; 
death in three hours. 

A man, aged 72, was injured at 6:30 a. rn. on Jan. 28, 1930, in an automobile 
collision, and was taken to the Emergency Hospital where he died about three 
hours later. He showed signs of internal injuries to the chest and abdomen, as 
well as a possible fracture of the slcull, subdural hemorrhage and marked shock. 

The coroner’s examination showed multiple lacerations, abrasions and contusions 
of tlie head, body and extremities. No fracture of the skull or injury to the brain 
was found, but there was moderate subdural hemorrhage over the right occipital 
lobe of the brain. A retrosternal hemorrhage was found. All the ribs on the 
right side were fractured, each in a number of places; in their posterior portions 
they were severely splintered and had lacerated the lung severely. The spleen 
showed a small rupture and the liver several contusions. The cause of death 
was given as injury to the head with concussion of the brain and subdural hemor- 
rhage, and multiple fractures of the ribs with laceration of the lung. 

Histologic Examination. — Choroid Plexus; There was practically no edema of 
the stroma. The blood vessels were of average size and empty. Little vacuolization 
of the choroid epithelium was found and the basement membrane was essentially 
intact. Vacuolization occurred in 28 per cent of the cells, and the average height 
of the choroidal epithelium cells was 11.18 microns. 

Ependyma: The ependyma nearest the choroid plexus was moderately 

vacuolated. 


Comment , — In spite of the fact that an inteival of three hour 
elapsed between injury and death in this case, there were no changes i 
the choroid plexus or ependyma worthy of mention. The extensive 
injuries to the lungs, spleen and liver may have accounted for J 
patient’s death, instead of the injury to the brain which may we 
been relatively trivial. Furthermore, the age of the patient and si 
probably prevented more marked changes. 

Case 47.— Fracture of the skull, zailh subdural hemorrhage; death m aboti 


'"2? aged 62, was admitted to the Los 

1930, with a history of having been struck on the throughout 

previously. Examination showed fracture o t e J j ga^jinski sign was 

the chest. All the reflexes were increased and a bilateral la 
present. The patient died on January 28. 
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The coroner's examination revealed a few discolored areas on the back of the 
shoulders, arms and thorax, which were superficial. A large subdural hemorrhage 
covered the posterior half of the right hemisphere of the brain, the blood being 
thin and fluid. There was a fracture running from the internal occipital pro- 
tuberance forward into the opening of the spinal canal. The cause of death was 
given as fracture of the base of the skull with subdural hemorrhage. 

Histologic E.vamiuatioii— Choroid Plexus: Extensive edema of the stroma was 
found which seemed to be diffuse and involved the choroid plexus throughout its 
extent. The fluid spaces were usually small. “Fibrin thrombi” and psammoma 
bodies were numerous. The choroid epithelium showed numerous vacuoles, some 
of which contained pigment ; 40 per cent of the cells were vacuolated. The average 
height of the choroidal epithelium was 16.85 microns. The basement membrane 
was distorted and compressed in some places. Hemorrhagic extravasation was 
present in the base of the pedicle. 

Ependyma : No subependymal edema or vacuolization of the ependyma was 
observed. • 

Comment . — A fairly extensive edema of the choroid stroma was 
found, together with increased vacuolization (40 per cent) and height- 
ening (16.85 microns) of the epithelial cells. From the fact that such 
diffuse changes were still present in the choroid two weeks after injury, 
it is evident that cerebral edema may persist over a period of weeks, 
especially if untreated. In contrast to this are cases in which ener- 
getic treatment with hypertonic dextrose solution was given ; these 
showed minor changes in the choroid, death being brought about by 
other causes. 

Case 48. — Basal fracture of the skull; subdural hemorrhage ; death in clcz'en 
days. 

A man, aged 59, was found lying unconscious on the sidewalk, bleeding from 
a wound on the left side of the scalp, at about 7 p. m. on Jan. 14, 1930. He soon 
regained consciousness. Except for periodic twitching of the right side of his 
face he progressed fairly well until the evening of January 19; then terrific head- 
aches developed and at times the patient became drowsy. He was taken to the 
California Hospital where the results of neurologic examination were essentially 
negative. A lumbar puncture revealed a very bloody spinal fluid under 200 mm. 
of pressure. Roentgenograms of the skull revealed a linear fracture in the left 
temporal region. On January 22, marked cerebrospinal rhinorrhea developed and 
the headaches increased. At operation on the evening of January 22 a large 
amount of bloody spinal fluid was removed and a soft rubber drain was placed 
under the left temporal lobe. The following morning the cerebrospinal rhinorrhea 
had stopped. The patient became worse, however, and died on January 25, at 
4 : 55 p. m. 

The coroner’s examination showed that the vault and base of the skull were 
fractured on the left side. A decompression had been performed and no hemor- 
rhage was found at the time of autopsy. There were two small distinct areas of 
contusion of the right middle lobe of the brain. The left eye showed ecchymosis 
and there was a contusion on the right knee. The cause of death was given as 
fracture of the base of the skull. 
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here end there in fc iMor ~ vT" <’*'■"=■ ^Mered 

fibrin which suggested an iitflammatory pro«L “a Srefib'’- ’if*''!? 
psammoma bcKlies were foond. The epithehhm 'showed Lfrrifr ,' f" 
margm ow,„g largely to the prominence of the indiridna S iff 
degree also to a breaking „p of the distal margins Maf o'f ,fe 1 
■acnolated, containing varions-siaed, clear spaces, only a few of fich ,e,S 
iiisuai proportions. Fifty.foiir per cent of the cells were vacoolaled The 
atentge height of the clioroidal epithelium ivas 14.89 microns. The basejenl 

“r s^r" ^ ™ 

Ependyma : The ependyma showed vacuolization in some areas, but did not 
dtiicr widely from the normal in appearance. 


Comment. Thj^s case showed areas of inflammatory reaction in the 
fiee ventricle shown by leukocytes in its cavity. The vacuolization of 
the choroidal epithelium was much increased (54 per cent) and a few 
leukocytes were found in the edematous stroma. In spite of these his- 
tologic changes no gross reaction was noted by the coroner. As little 
evidence of hemorrhage or damage to the brain was found, it is likely 
that edema pla^'^ed an important part in the clinical picture. To a lesser 
degree inflammator}' changes may have contributed to the patient’s 
death. 


Case 49. — Subdural and extradural hemorrhage with fracture of the skull and 
infental injuries; death in thirty-two hours. 

A woman, aged 45, was injured in an automobile collision about 6:50 p. m. 
on Jan. 13, 1930. She was rendered immediately unconscious and remained so 
until her death. There were clinical signs of fracture of the skull with a sub- 
dural hemorrhage and fracture of the left clavicle, ulna and radius, as welt as 
multiple fractures of the ribs. She died at the Emergency Hospital at 2:27 a. m. 
on January 15, 

The coroner’s examination revealed multiple contusions and lacerations of the 
head, body and extremities. The left clavicle and both bones of the left forearm 
were broken. A large extradural hemorrhage was found on the left side of the 
head with severe compression of the entire left cerebral hemisphere, there was 
severe general subdural hemorrhage and slight contusion of the 
the brain. There were extensive comminuted basal fractures of t e s 
posterior cranial fossae, in the left middle fossa and ^broug t e „ 

plate. There were multiple fractures of the ribs on the le t si e contused 

laceration of the left lung and hemothorax. The exudate 

and the lower lobe showed an early consolidation with a ^ 

on its surface. The cause of death was given as 
rhage following comminuted basal fracture of the s 

Histologic Examination.— Choroid Plexus : There ^ ™ nlexus alike. The 
of the stroma which seemed to involve fjeen filled w'ifh. 

blood vessels were open and m most cases empty. spaces. 

fluid so that it presented nearly netlike ^moma bodies. The 

The solid connective tissue masses were studded with psam 
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epithelium of the distal tufts was regular. The basement membrane was fairly 
well preserved. Vacuolization occurred in 37 per cent of the cells. The vacuoles 
were not markedly increased in number and varied in size within fairly wide 
limits. The average height of the choroidal epithelium was 13.58 microns. 

Ependyma; The subependymal tissue seemed to be fairly solid and the 
epithelium showed no vacuolization except in a few circumscribed locations. 

Comment . — This case showed moderately diflfuse edema of the 
stroma of the choroid plexus as well as increased vacuolization (37 per 
cent) of the choroidal epithelium which was moderately heightened 
(13.58 microns). The ependyma and subependymal tissue showed 
little change. From the coroner’s observations it seemed evident that 
intracranial hemorrhage and shock rather than cerebral edema were 
the chief factors in bringing about the patient’s death. 

Case 50. — Ba.'tal jractxire of the skull, subdural hemorrhage and internal 
injuries; death in one hour. 

A woman, aged 50, was hit by an automobile while crossing the street at 
about 7:55 p. m. on Jan. 29, 1930. She was taken to the Emergency Hospital, 
where she was found to have sustained a fracture of the base of the skull, a 
crushed chest, a fractured pelvis and other internal injuries. She died an hour later. 

The coroner’s examination revealed severe contusions and abrasions of the 
head, trunk and extremities as well as a fracture of the left clavicle and pelvis. 
A severe subdural hemorrhage was found over the entire right cerebral hem- 
isphere, with compression and pushing of the hemisphere toward the opposite side. 
There was an extensive fracture of the base of the skull on the left side involving 
the left middle cerebral fossa and the left vault. The second to seventh ribs, 
inclusive, on the left side of the chest were fractured with hemorrhage into the 
left pleural cavity. The diaphragm was torn on the left side and the stomach 
protruded through into the pleural cavity. The cause of death was given as frac- 
ture of the base of the skull, with subdural hemorrhage and other severe injuries. 

Histologic E.vamination. — Choroid Plexus: There was marked balloon-like 
distention of the plexus which involved its entire structure. The blood vessels 
were not particularly prominent and in most instances were empty. “Fibrin 
thrombi’’ were numerous throughout the section. The entire stroma seemed to 
be broken up bj' the increase in fluid which was particularly marked in the large 
pedicle of the plexus. In the ventricular space there was a certain amount of 
free blood and coagulated fibrin. The free epithelial margin was inclined to be 
irregular owing both to the enlargement of individual cells and to the rupture of 
small distal vacuoles. The epithelial cells contained numerous vacuoles, many of 
which were large and, in some cases, unusual in size. Fifty-six per cent of the 
cells were vacuolated. The average height of the choroidal epithelium was 17.20 
microns. The accumulation of fluid in the space between the blood vessels and 
the epithelium so distorted the structures in most places that the basement mem- 
brane could not be seen clearly. 

Ependyma: The ependyma was vacuolated practically throughout its extent, 
although more marked in some places than others. 

Comment . — This case presented “full blown” changes in the choroid 
plexus. The stroma was ballooned out, vacuolization of cells was high 
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( pel cent) and the cells were increased in size (17.20 microns) The 
epend3mia also showed marked vacuolization. The association of these 
marked changes with extensive intracranial hemorrhage and other 
severe injuries occurring in such a short period seems unusual. 

Case ol.~Basal fracture of the skull, contusion of the brain and internal 
injuries; death zcnthin one hour. 

in 'n ^ building at 5 : 27 p. m on Feb 

6,^ 1930. He was taken to tlie Emergency Hospital where he showed signs of 
extensive internal injuries as well as fracture of the base of the skull. He died 
at 6 : 15 p. in. 

The coroner s examination revealed extensive and marked abrasions, contusions 
and lacerations involving all parts of the body. The left wrist was partially dis- 
located. A severe subdural hemorrhage was found over the entire right cerebral 
hemisphere, with severe contusion. An extensive fracture of the base of the 
skull was found wiiich involved the left middle fossa, tlie region of the sella 
turcica and the cribriform plate. The first nine ribs on the left side were frac- 
tured near their middle and the left pleural cavity contained about 1 quart (946 
cc.) of free blood. Both lungs were lacerated. The cause of death was given 
as fracture of the base of the skull, with contusions of the brain, subdural hemor- 
rhage and other severe injuries. 

Histologic E.vamination. — Clioroid Ple.xus : Rather extensive edema was found 
which involved the ple.xus more or less sj'mmetrically. The blood vessels were 
not particularly distended and most of them were empty. Fluid spaces formed a 
conspicuous feature. “Fibrin thrombi’’ were fairly common and there were 
numerous psammoma bodies in the pedicle of the ple.xus, some of which had 
reached a tremendous size. The epithelium showed considerable variation in its 
reaction to the swelling of the stroma. In some places the cells appeared vacuo- 
lated, but for the most part little change from the normal was observed, 28 per 
cent w'cre vacuolated. The vacuoles were small and well outlined. The average 
height of the choroidal epithelium was 13.24 microns. The basement membrane 
W'as frequently distorted and torn by the underlying fluid. -j • *i 

Ependyma ; In some locations there was a definite accumulation of flui m le 
subependymal tissues over which the epithelium was tremendously distorte . 

Comment.— Th.\s case showed extensive edema of the choroid 
plexus, but only moderate vacuolization and little ^ j 

of the cells. The ependyma showed more changes than d , 

plexus. It may be that edema occurs first in the plexus and is o 
by activity of the epithelial cells later, at least under certain con 

Case 52.— Subdural hemorrhage; fractured right femur ;Jcaih m^sis dap. 


A man, aged 89, was struck by a bus at 8: 30 ^ °“/los A^geks General 
scut to the Emergency Hospital and was trans erre ^^.^5 

Hospital where he died at 11:50 p. m on Februa y ^ mngH^ 
fractured. Bronchopneumonia developed from w 

The coroner’s examination revealed a of cerebrospinal 

femur with external rotation of the distal fragments An 

fluid was found; over the left cerebral ^ ^ (one week or ten 

markedly stained by changed blood from an o ortions of both 

days). No fracture of the skull was found. The depe 


He was 
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lungs were consolidated and friable, presenting the picture of a well consolidated 
hypostatic pneumonia. The cause of death was given as hypostatic pneumonia 
following fracture of the right femur. 

Histologic Examination.— Choroid Plexus; Rather marked edema of the 
stroma was present. The blood vessels were dilated and empty. The free margin 
of the epithelium was slightly irregular owing largely to unequal swelling of the 
cells. The vacuoles varied in size, although those of unusual proportions were 
rare. Thirty-seven per cent of the cells were vacuolated. The average height 
of the choroidal epithelium v'as 13.24 microns. The basement membrane was 
fairly well preserved. 

Ependyma : The subependymal tissue showed little localized evidence of fluid. 
Vacuolization was present to a marked degree in one locality only. 

Comment . — At the end of six da)fs this patient shotved marked 
edema of the stroma and considerable vacuolization (37 per cent). The 
cells averaged 13.24 microns in height. This patient was the oldest in 
the series. The choroid plexus did not show inflammatory changes as 
have frequently been seen several da 5 's after injury. The cause of 
increased vacuolization so long after injury is not clear. 

Case 53. — Fracture of the skull; subdural hemorrhage ; ruptured liver; death 
in si.v days. 

A man, aged 63, was injured in an automobile accident at 8:30 a. m. on 
Feb. 3, 1930, and was admitted to the Los Angeles General Hospital where he 
died at 12 : 25 p. m. on February 9. 

The coroner’s examination revealed a laceration and contusion in the right 
temporal region, a contusion of the right eye, an abrasion on the right cheek, 
and contusions on the other side of the right arm and on both knees. A subdural 
hemorrhage over the base and lateral surface of the left temporal lobe of the 
brain was found associated with a fracture of the right parietal region and the 
right anterior and middle fossae. The liver was ruptured in six places, the gall- 
bladder was also ruptured, and all the abdominal viscera were stained with 
bile. The cause of death was given as fracture of the base of the skull with 
rupture of the liver and gallbladder. 

Histologic E.vamination. — Choroid Plexus : Rather marked edema of the 
stroma was found which involved the entire plexus. “Fibrin thrombi” were 
numerous and occasional psammoma bodies were found in the pedicle. The blood 
vessels were moderate in size and most of them were empty. The free margin 
of the epithelium was irregular, owing to marked vacuolization of the cells. Sixty- 
four per cent of the cells were vacuolated. For the most part, the vacuoles were 
uniform in size although some were large enough to occupy the larger portion of 
the cytoplasm. The average height of the choroidal epithelium was 15.99 microns. 
Ihe basement membrane varied in regularity, although in most places it was 
definitely distended. 

Ependyma : A marked increase in the vacuolization of the ependyma was 
observed, particularly in the region where it becomes continuous with the epithelium 
of the choroid plexus. The subependymal tissues showed little alteration. 

Comment . — At the end of six days this case showed marked edema 
of the stroma and high vacuolization of the cells (64 per cent). The 
choroidal epithelium was heightened (15.99 microns). The changes 
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here were about as marked as are ever seen in the “full blown” cases 
in which death occurs in from two to four hours. 

Case 54.~Basal fracture of the skull; subdural hemorrhage and contusion of 
the bi-atn; death within one hour. 

A boy, aged 12, was injured in an automobile collision at 7 p. m. on Feb. 8, 
1930, and died before he arrived at the Emergency Hospital. 

The coroner’s examination revealed severe and extensive superficial injuries of 
the head, body and extremities. A severe general subdural hemorrhage and a con- 
tusion of the right cerebral hemisphere were found. There was an extensive 
fracture of the base of the skull, involving all the cerebral fossae on the right side 
and the middle fossa on the left. The cause of death was given as fracture of 
the base of the skull, with a subdural hemorrhage and a contusion of the brain. 

Histologic Examination. — Choroid Plexus ; There was moderate edema of 
the entire plexus. A localized hemorrhagic extravasation was seen in one portion 
of the pedicle associated with pigmentation in the regional cells. No “fibrin 
thrombi” or calcospheres were present. Viewed under low power magnification, 
the choroidal epithelium seemed fairly regular, but under higher magnifications 
the distal portions of the cells were seen to be serrated. Vacuolization of these 
cells was not extensive, SO per cent of the cells being so involved. The average 
height of the choroidal epithelium was 14.27 microns. The basement membrane 
was fairly well preserved in most places. No pigment was present e.xcept in the 
region of the hemorrhagic extravasation. 

Ependyma : Some looseness of the subependymal tissues was found associated 
with vacuolization which was marked in one or two extensive stretches. 


Comment . — In spite of the short time that elapsed from the time 
of injuiy until death (less than one hour), this case showed moderate 
edema of the stroma of the choroid plexus and 50 per cent of the cells 
were vacuolated. The subependymal tissue was also loose and the epi- 
thelial cells considerably vacuolated. 


Case 55. — Concussion of the brain; a ruptured bladder; death in nine days. 

A woman, aged 36, was injured in an automobile accident on Jan. 19, 1930, and 
was unconscious for twenty-four hours. A ruptured bladder was found on 
abdominal exploration. Roentgenograms revealed multiple fractures of the ribs, 
a fractured pelvis and pleural effusion on the day of the patients death, 
January 28. 

The coroner’s examination showed multiple contusions of the body and extremi- 
ties. A large accumulation of blood was found beneath the scalp o\er the rig it 
parietal region. No fracture of the skull, injury to the brain or intracranial hemor- 
rhage was found. All the ribs on the right side as well as two on the left were 
fractured near their vertebral ends with laceration of both lungs and hemothorax. 
The left side of the diaphragm was ruptured, and a large portion of the sp'cen 
part of the splenic flexure of the colon protruded through into the left pleur. 
cavity. The bladder showed a recently sutured opening m the front with a s 
retaining catheter sutured in place and extending out through the 
in the abdomen. The bladder was contracted and contained a great deal of th.c^ , 
purulent looking material. The right sacro-iliac articulation was 
Lse of death was given as multiple fractured ribs with lacerated lung^, hem 

thorax and other severe injuries. 



RAND-COURVILLE— HISTOLOGIC STUDIES OF BRAIN 401 


Histologic Examinalioit.— Choroid Plexus: A minor degree of edema of the 
stroma was present and the blood vessels were open and empty, 30 per cent of the 
cells being vacuolated. The choroidal epithelium was regular ; the vacuoles were 
small. The average height of the choroidal epithelium was 12.38 microns. The 
basement membrane was fairly well preserved throughout. Occasional ‘fibrin 
thrombi” were seen. 

Ependyma : No subependymal accumulations of fluid were present. The 
ependymal lining was vacuolated only to a moderate degree. 

Comment . — As would be expected from the coroner’s report the 
injur}^ to the head was relatively minor in comparison with other inter- 
nal injuries. The choroid plexus showed little change from the normal. 
It is likely that similar changes occur in many persons with concussion 
who recover. 

Case 56.— Basal fracture of the skull; laceration of the brain and internal 
injuries; death within an ho to-. 

A man, aged 25, fell from a building at 9:30 a. m..on Feb. 8, 1930, and was 
picked up dead by the police ambulance attendants shortlj' afterward. 

The coroner’s examination revealed multiple severe contusion, abrasions and 
lacerations covering the head, body and extremities. There were fractures of the 
right clavicle, small bones of the right hand and right femur, together with dis- 
location of both hip joints. Severe contusions and lacerations of various portions 
of the brain and cerebellum were found, but there was only moderate hemorrhage. 
There was a severe comminuted fracture of the entire base of the skull. All the 
ribs on the right side and four on the left side were fractured and a fractured 
dislocation of the tenth and eleventh dorsal vertebrae was found. Both lungs were 
lacerated and free blood was present in the pleural cavity. The left side of the 
diaphragm was ruptured and the spleen and the splenic flexure of the colon 
protruded into the pleural cavity. The liver and kidneys were torn and there was 
much free blood in the abdominal cavity. There was a complete fracture of the 
ileum on each side of the sacrum. The cause of death was given as fracture of 
the base of the skull with lacerations of the brain and other severe injuries. 

Histologic Examination. — Choroid Plexus; Extensive edema of the stroma 
was found which involved the entire plexus. There were occasional “fibrin 
thrombi,” but no psammoma bodies were seen. The blood vessels were moderate 
in size and many still retained red blood cells. Various-sized fluid spaces were 
found scattered throughout the stroma. The free margin of the epithelium was 
irregular in some places, evidently owing to rupture of tiny vacuoles. The epithe- 
lial cells were not markedly vacuolated (30 per cent). The average height of 
the choroidal epithelium was 12.54 microns. The vacuoles present were small. 
The basement membrane seemed to be well preserved, except over large accumula- 
tions of fluid. 

Ependyma ; The ependyma everywhere retained its normal morphologic 
aspects. 

Comment . — In spite of the short time elapsing between injury and 
death, extensive edema of the choroid plexus stroma was evident, but 
vacuolization of the cells and heightening of the choroidal epithelium 
were not marked. Probably edema of the stroma begins before vacuo- 
lization of the choroidal epithelium appears. This is to be expected if 
fluid from the stroma passes into the epithelial cells. 
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Case 57.— Subdural and petechial hemorrhages of the brain; gas bacillus injec- 
tion- of the arm; death in nine days. 

A youth, aged 18, went over a cliff in an automobile on Feb. 2, 1930. He 
fractured the right arm and was in deep coma until February 11, on which day 
the gas bacillus was found in a culture and the patient died. 

The coroner s examination disclosed bruising around the inner corner of the 
right eye and a compound, comminuted fracture of the right humerus. This frac- 
ture was infected and pus exuded from a wound in the arm. There was a fracture 
of the right femur and a large abrasion of the anterior portion of the thigh. No 
fracture of the skull was found, but there were the remains of a moderate sub- 
dural hemorrhage -and the brain showed severe contusions and diffuse hemorrhage 
throughout. The first four and the sixth ribs on the right side were fractured and 
both lungs showed severe general contusions, subpleural laceration and localized 
consolidation. The cause of death was given as pneumonia following laceration 
of the lungs and contusion of the brain from injury to the head. 

Histologic E.vamination. — Choroid Plexus: Minor changes were present in the 
stroma of the plexus. In many localities the tufts retained their normal 
morphologic appearance. The blood vessels were small and empty. Only an 
occasional “fibrin thrombi’’ and no psammoma bodies were found. The epithelial 
margins were practically normal in outline. Only a few vacuoles were found in 
the epithelial cells and those were small. Thirty-three per cent of the cells were 
vacuolated. The average height of the choroidal epithelium was 11.78 microns. 
The only abnormality of the epithelial cells was the occasional occurrence of small 
vacuoles in the distal end of the cell. The basement membrane had been fairly well 
preserved. 

Ependyma : Aside from a few scattered vacuoles the ependyma showed 
nothing abnormal. 


Comment . — This patient died of a gas bacillus infection of the arm 
and pneumonia nine days after injury. The brain showed marked 
IDetechial hemorrhages but the choroid plexus presented only moderate 
changes. The ependyma likewise showed practically no change. 


Case 58. — Basal fracture of the skull; death in tzventy-seven hours. 

A man, aged 47, was injured at 2 p. m. on Dec. 10, 1927, in an automobile 
collision. He was taken to the Emergency Hospital where he died at 5 : 30 p. m. 
on December 11. 

The coroner’s examination revealed lacerations and contusions of the sea p, 
face and extremities. On opening the head a fracture was found running 
the posterior right floor of the right middle fossa, and the roof of both orbits o 
the eyes was slightly fractured. On opening the body the lungs were foun^ to 
deeply congested and contused in several areas. The cause of death 'was gnen 
fracture of the base of the skull. 

Histologic E.vamination.~Choroid Plexus: ExtensEe edema of the plexus 
stroma was present; it was diffuse in some places \vhile in others tie ui s 
to have collected in large spaces. So-called “fibrin thrombi were presen .^^1 
numerous. The blood vessels were moderate in size and empty, me c 
epithelium shotved an increase in the number of vacuoles, but tiese 
large. Forty-four per cent of the cells were vacuolated, man> o ic 
containing pigment. Some pigment in fine granules was also found n t 
The average height of the choroidal epithelium was 13.5S microns, 
inent membrane rvas irregular and torn in most places. 
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Ependyma: The subependymal stroma was looser than usual and the epen- 
dymal epithelium was moderately vacuolated, especially adjacent to the area in 
which it became continuous with the choroid plexus. 

Comment . — This case showed a rather extensive edema of the 
choroid plexus stroma, with a moderate increase in vacuolization (44 
per cent). The choroidal epithelium cells were moderately heightened 
(13.58 microns). A moderate increase in the subependymal edema and 
increased vacuolization of the ependymal cells \vere also present. 

Case 59. — Basal jracture of the skull; concussion and contusion of the brain; 
death in three days. 

A man, aged 61, was injured in an automobile accident at 8 a. m. on Dec. 10, 
1927. He was rendered unconscious immediateb' and never regained consciousness. 
The bones of the left leg were fractured. On December 12, a right subtemporal 
decompression revealed a tight, dry brain. He died at 6 : 20 a. m. on December 13. 

The coroner’s examination showed extensive lacerations of the scalp. A fracture 
was found running from the occipital protuberance forward through the outer 
part of the left half of the occiput, across the left petrosal bone at its outer end 
and extending by two lines across the floor of the left middle fossa of the skull. 
The anterior portion of the right anterior lobe of the brain and the lateral surface 
of the left posterior lobe were contused and lacerated. A decompression operation 
had been performed on the right side. The left leg and the third to the sixth ribs 
on the left side were fractured. The cause of death was given as fracture of the 
base of the skull with other injuries. 

Histologic E.vaniination. — Choroid Plexus : Moderate edema of the stroma was 
present. The blood vessels were empty and not unusually distended. Throughout 
the field numerous “fibrin thrombi’’ were found. The free epithelial margin was 
not unduly irregular. A small amount of free blood was seen in the intervillous 
spaces. The epithelial cells contained various-sized vacuoles, some of which con- 
tained pigment. Thirty-four per cent of the cells were vacuolated. The average 
height of the choroidal epithelium was 13.41 microns. The basement membrane 
was fairly well preserved in most places. 

Ependyma : The ependyma showed no increase in vacuolization and appeared 
normal throughout its extent. 

Comment . — In spite of death after three days, the choroid plexus 
and ependyma showed little change. From the clinical course one 
would look for much more marked changes at this time. The tight, 
dry brain at the time of operation gave evidence that an excess of cere- 
brospinal fluid was not present in the form of edema. It would seem 
that cerebral edema accompanies an increase in the activity of the 
choroid plexus. 

Case 60. — Basal fracture of the skull, with subdural hemorrhage and fractured 
pelvis; death within one hour. 

A man, aged 40, was struck by an automobile at 1:55 p. m. on Dec. 12, 1927. 
He was picked up dead within a few minutes. 

The coroner’s examination revealed lacerations and abrasions of the scalp and 
face, associated with orbital hemorrhage. A fracture was. found running along 
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the midhne of the occiput into the foramen magnum, also a fracture of the roof of 
the right orbit. There was extensive subdural hemorrhage on the left side of the 
brain. On opening the body the left ramus of the pubic bone was found to be 
fractured, with laceration of the adjacent soft tissues. The cause of death was 
given as fracture of the base of the skull with fracture of the pelvis. 

Histologic ExamimFon.— Choroid Plexus; Moderate diffuse edema was 
found involving the stroma of the entire plexus. The blood vessels were open and 
empty. A few “fibrin thrombi” were found here and there in the section and a 
large number of psammoma bodies were found in the pedicle of the plexus. The 
free margin of the epithelium was irregular owing chiefly to enlargement of the 
individual cells. In some the distal portion of the cell assumed a lacelike appear- 
ance owing to the presence of numerous fine droplets. The vacuoles were fairly 
numerous and many of them contained a brownish, granular pigment. Forty-four 
per cent of the cells were vacuolated. The average height of the choroidal epithe- 
lium was 15.05 microns. The basement membrane in many places could not be 
clearly made out because of the accumulation of fluid beneath the epithelium. 

Epend 3 fma : The ependj'ma showed no deviation from its normal morphologic 
appearance. 


Comment . — This case showed moderate diffuse edema with increased 
vacuolization of the cells (44 per cent). The vacuoles in this instance 
were very small and numerous. Perhaps that is the way vacuoles form, 
i. e., by the coalescence of small droplets. The latter predominated in 
this case. It is also possible that when the activity is greatest the fluid 
passes through in the form of small droplets, a true cellular edema. 


Case 61.~-Basal fracture of the skull with subdural hemorrhage; death ii: 
tweufy-tzuo hours. 

A man, aged 47, was injured at 8:30 a. m. on Nov. 16, 1927, in an automobile 
collision. He was momentarily unconsious, but recovered consciousness later and 
was able to talk. After eight hours he became drowsy, the right pupil was 
dilated and Cheyne-Stokes respiration set in with deep coma. Roentgenograms 
showed a linear fracture on the right side. A right subtemporal decompression 
was performed and a subdural hemorrhage drained. He died at 6 : 25 a. m. on 
November 17. 

The coroner’s examination showed an extensive contusion of the scalp behind 
and above the right ear. A large subdural hemorrhage was found covering the 
surface of the right anterior hemisphere of the brain and an extradural clot in t ic 
right middle fossa of the skull. There was a comminuted fracture in the 1^°°^ ° 
the right middle fossa extending across the body of the sphenoid bone an a so 
upward to the opening made bj’’ the decompression. The cause of death was gnen 
as comminuted fracture of the base of the skull. 

Histologic Examination.^Chovoid Plexus: A moderate generalized edema of 
the stroma was present. The blood vessels were open and empty. Coarse sranu 
pigment was found throughout the section and was practically con ne 
epithelium. The free margin of the epithelium almost everywhere 
dentate appearance owing to a swelling of the distal portion o “r am 
vacuoles were not abundant but were fairly large; most of 
granular pigment. Thirty-four per cent of the cells were vacuo ate ■ 
height of the choroidal epithelium was 15.60 microns. The e ai 
me^rane seemed to be lost in most places owing to the increase m fluid 

connective tissue stroma. 
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Ependyma : There was an accumulation of fluid in the subependymal tissue and 
for a short distance the ependyma was definitely vacuolated. A small amount of 
coarse granular pigment was found in the ependymal cells. There was some 
accumulated debris on the ependyma, apparently in the nature of degenerating red 
blood cells. This seemed to be emphasized by the fact that black pigment was 
present, some of which was contained within macrophages. Furthermore, the 
ependymal cells in these regions seemed to be distorted and the detail was obscured 
by the presence of this debris as well as subependymal fluid. 

Comment . — In this case a large subdural hemorrhage was found at 
operation. The choroid plexus showed a moderate increase in edema 
and vacuolization. The ependyma showed marked blood pigment being 
taken up by macrophages, a picture suggestive of Essick’s work. 

NORMAL CHOROID PLEXUS 

The normal choroid plexus (fig. 1), as studied in the ten patients 
who died of conditions that were remote and in no way influenced the 
central nervous system, was found to agree in practically all respects 
with the accepted descriptions of this structure. While the cells showed 
some variation in height (from 8 to 12 microns) in different portions of 
the plexus, such as the terminal tufts as compared with the pedicle, 
in similar areas they were uniform in size and showed only a slightly 
irregular free margin (fig. 2). It was generally observed that the cells 
were higher in children than in adults. The structure of each cell was 
typical, being columnar with a slightly rounded free distal end and a 
flattened proximal end lying on the basement membrane. The oval 
nucleus was found in the proximal portion of the cell with its long axis 
parallel to the long diameter of the cell. The nuclei were uniform in size 
and had a distinct nuclear membrane and an abundant, evenly distributed 
chromatin content. The cytoplasm of the cell was finely granular, the 
granules being evenly distributed in all portions of the cell. We found 
no evidence of a division into a basilar granular zone and a distal clear 
zone as described by Pettit and Girard.^® Vacuoles were present in 
from 10 to 22 per cent of the cells ; they were usually small and sharply 
outlined and lay in apposition to the nucleus. Occasionally, small, 
brownish-black pigment granules were found in the vacuoles. The 
basement membrane appeared as a well defined, even line which sepa- 
rated the cytoplasm of the cell from the subjacent stroma. It is not 
unlikely that this is formed of a heavy cell wall rather than being 
an additional structure. The stroma consisted of a few strands of 
connective tissue lying between the basement membrane and the blood 

19. Essick, C. R. ; Formation of Macrophages b}^ the Cells Lining the Sub- 
arachnoid Cavity in Response to the Stimulus of Particulate Matter, Contrib. 
Embryol., no. 42, Washington, Carnegie Institution, 1920. 

20. Pettit and Girard (footnote 7, second reference). 
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vessel. Nuclei of connective tissue cells were found in small numbers 
in this stroma. The blood vessels in the terminal tufts were small and 
capillary in nature, being formed of endothelial cells. In most instances 
they were empty and round, evidently owing to the previous embalming. 

We have noticed that in general the older the subject the more 
likely it is to find psammoma bodies or calcospheres, which usually occur 
in the pedicle of the plexus. They probably correspond to the so-called 
“fibrin thrombi,” irregular masses of fibrinous material in the blood 
vessels of the tufts of the plexus. Such masses are shown to contain 



Fig. l._Normal choroid plexus. The connective tissue stroma forms an incon- 
spicuous part of the structure. Consequently, the epithelial cells on either si e 
of the villus are practically in apposition, except where separated by bloo \es 
sels. Hematoxylin and eosin; reduced from X 200. 

iron by the Prussian blue method. We believe that they have nothing 
to do with the injury to the head, but that they are etidence o 
regressive change in the plexus, the causes of which are not c ear. 


HISTOPATHOLOGIC 

Definite changes have been found in 
of the choroid plexus following trauma. 


changes 

practically all the constituents 
In general the free epithelial 
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margin has shown greater irregularity in outline than is seen in that 
of a normal choroid plexus. In places the free border appears regu- 
larly serrated, owing perhaps to the increased height of the individual 
cells (fig. 3). This increase in height is thought to be due to an accu- 
mulation of fluid in the cell. It may represent edema of the cell, or 
may take the form of discrete vacuoles. Less commonly the free epi- 
thelial margin is actually ragged and torn. This is due to an actual 
destruction or tearing of the free margin, and not infrequently tags of 
cytoplasm may be seen swimming free in tbe ventricular space. These 



Fig, 2. — Normal choroid plexus. The connective tissue is confined to a few 
small compact strands lying between the basement membrane and the wall of the 
blood vessel. A few vacuoles are seen in the epithelial cells. Hematoxylin and 
eosin; reduced from X 680- 

fragments may become detached and rounded, and may resemble the 
so-called “hyaline bodies” which some writers have described as occu- 
pying the space adjacent to the free margin. We have not observed 
any true hyaline bodies, but have seen these rounded structures which 
we could not distinguish morphologically from red blood cells. The 
free margin is more apt to be ragged, with numerous small vacuoles 
rupturing through it into the ventricle, than showing a single large 
vacuole. The latter, however, may give a torn appearance if it breaks 
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through the margin. In view of the work of Pettit and Girard, as 
well as that of Meek " and others who described a marginal dear' zone 
and a hasal granular zone in what they considered to be actively secret- 
ing choroid epithelium, we have looked for similar observations in this 
series. However, we have rarely, if ever, observed this lack of gran- 
ules in the apical part of the cells. In only one instance did it seem to 
be present, but in this case the edge, although lighter, was ragged as 
though it had been broken up with apparent loss of the smooth free 
margin of the cell. 

Careful measurement of cells in certain areas was made in every 
case in this series. They differed greatly in height. In various cases 



Fig. 3.— Vacuolization and serrated appearance of choroidal epithelium m case 
3. There is an increase in the number of vacuoles in the epithelial cells. Some 
are also seen between the cells and along the basement membrane. At the uppe 
right, one large cup-shaped vacuole is seen rupturing into the ventricular spac 
The free border is irregular or serrated, owing to uneven swelling of the 
cells. Death in ten hours. Hematoxylin and eosin; reduced from X h - • 


they averaged from 12 microns, which we considered a high nor ^ 
measurement, to 20 microns in height in advanced edema. In a et 
instances epithelial cells of gigantic proportions were oun 


21. Pettit and Girard 

22. Meek, W. J. : A 


(footnote 7, first reference). 
Study of the Choroid Plexus 


, J. Comp. Neurol. 17:286, 


1907. 





Fig. 4. — ^Vacuolization of choroidal epithelium in case 1. Unusually large 
vacuole about to rupture. A large vacuole adjacent to the basement membrane 
is also shown. Tremendous diffuse edema of the stroma is seen in the larger 
villus. Death in four hours. Hematoxlin and eosin ; reduced from X 5,360. 



Fig. 5. — Vacuolization of choroidal epithelium in case 1. Very large vacuoles 
are found causing a disruption of the internal architecture of the cell. The irreg- 
ularity of the basement membrane is evident. Marked generalized edema of the 
stroma in both villi is seen. Death in four hours. Hematoxylin and eosin; 
reduced from X 860. 
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measured from 26 to 27 microns in height, being easily two or three 
times as large as an epithelial cell of a normal choroid plexus. In many 
instances the measurement did not represent the true height of the cell 
because the free margm was ragged and had undergone rupture and 
loss of substance. This could be seen many times when the process of 
secretion was rapid. This was particularly true when the individual 
cell was filled with numerous small vacuoles which seemed to have torn 
through its free margin. Findlay « has mentioned the presence of 
numerous small vacuoles which he believed on occasion coalesced to 
form larger ones. 



Fig. 6. — Vacuolization of choroidal epithelium in case 13. Epithelial cells 
loaded with minute vacuoles. A very narrow distal clear zone is seen. The 
connective tissue of the villus is compressed and the basement membrane is dis- 
torted by a collection of fluid. Death within three hours. Hematoxylin and 
eosin ; reduced from X 2,960. 

Vacuoles of two varieties have been found, either a single large one 
or numerous small ones. We have thought that the presence of a siiij^le 
vacuole represented a relativel}' slow process in the activit} of the cell 
(fig. 4). In such cases the morphologic appearance of the cell seems 
to be fairly well preserved and there is little evidence of destruction o 
the cvtoplasm or alteration of the nucleus. In some cases more than 
one of these large vacuoles coalesced to form a large, smootli-walleo. 
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irregular space. Again, the cell was sometimes tremendously distended 
with a large irregular space occupying its center and suggesting in 
miniature the ragged walls of a cyst (fig. 5). In the majority of cases 
there Avas a predominance of numerous small A^acuoles which appeared 
as minute rounded clear spaces in the cytoplasm of the cells (fig. 6). 
These were either spread evenly throughout the cell or predominated 
at its free margin. We have considered this type of vacuolization as 
representing a more rapid metabolic process. In such instances the 
c}toplasm was more broken up and the free cell margin presented a 



F'S- 7 — A, rupture of nuclear membrane, and B, horseshoe-shaped nucleus in 
case 24. Death two days after injury. Hematoxylin and eosin , reduced from 
X 1,800. 


ragged appearance Avith bits of cytoplasm hanging in tatters in the 
ventricular space. 

The nature of these vacuoles has given rise to much discussion. Do 
they lepresent active secretion of the cell? Most observers believe that 
they do. On the other hand, Becht pointed out that they may repre- 
sent absorption of fluid from the A^entricle into the choroid plexus. He 
noted that actively secreting cells in certain other glands, such as the 
parotid, are smaller than quiescent ones, and consequently he did not 
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believe that an increase in the vacuolization and the size of the choroid 
epithelium necessarily indicates increased secretion. By analogy, he held 
that the cells should actually be smaller than normal during activity. 

It has seemed to us that these vacuoles must be fluid containing both 
in the normal choroid and in the choroid following trauma. We do 
not believe that they are hyaline bodies or fat globules. When hyaline 
stains, such as van Gieson’s stain, are used they still appear as clear 
spaces in the cell. Likewise we were unable to demonstrate the pres- 
ence of fat in the vacuoles. With fat stains, such as Nile blue or 



Fig. 8 —A, vacuolization of nuclei of epithelial cells in case 15 Death within 
three hours. B, nucleus enclosed in large vacuole in case 3. Death after ten 
hours. Hematoxjdin and eosin; reduced from X l.SOO. 


scarlet red, Sundwall also was unable to demonstrate fat in the 

choroid plexus of the ox. . 

Granulation of the cell cytoplasm was variable in amount, epen g 
on the nature of the metabolic process. If this was slow the no 
granular appearance of the cells was preserved. If theie -were a g 
number of minute vacuoles they gave an appearance of increase g 

23. Sundwall, J. : The Choroid Plexus with Special Reference to Interstitial 
Granular Cells, Anat. Rec. 12:221, 1917. 



Fig. 9. — Pigmentation of choroidal epithelium in case 13. Practically all of 
the cells are vacuolated in this villus and most of them contain granular pigments 
In one instance it is projecting into the ventricle. Death within three hours. 
Hematoxylin and eosin ; reduced from X 1,400 
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lation of the cell. In reality, we believe, they represented increased 
vacuolization. When a group of cells was cut in cross-section they often 
seemed to be separated by irregular fluid spaces, the nature of which 
w^as not entirely clear. 

Changes in the morphologic appearance of the nuclei of the choroid 
epithelium were often seen.« Usually the nucleus was swollen moder- 
ately and at times markedly. Again vesiculation was present. When 
the nucleus was greatly swollen actual rupture of the membrane witJi 
scattering of the chromatin content into the adjacent cytoplasm was 
occasionally observed (fig. 7 A). In other instances there was a 
shrinkage and distortion of the nucleus with the chromatin material 



Fig. 11. — Moderate edema of stroma in case 3. Death ten hours after injury. 
This degree of edema is fairly characteristic of most of our cases. Hemato.xylin 
and eosin; reduced from X 200. 

condensed into an irregular shape, the particles being large and closely 
packed together. In other cases nuclear distortion took place without 
appreciable swelling or shrinkage of the structure. This character 
istically took the form of a pseudopod suggesting the outline of a gour 
In some cases the handle was bent around so that the w'hole nuc ei 
w^as horseshoe-shaped (fig. 7B). In some instances, especia } v 
the process was rapid and associated wdth numerous „ .v 

the cytoplasm of the cell, the nuclei also became vacuolated 
The vacuoles either -were in the form of a single round ' 

or w^ere dumb-bell shaped. In some instances it was possn 
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invaginations into the nuclear membrane from an adjacent vacuole in 
the cytoplasm. This would suggest that it may be the method of vacu- 
ole formation as well as of nuclear distortion, although it does not 
explain all the pictures observed in the latter instance. Findlay ® like- 
wise described vacuolization of the nuclei of the choroid epithelium. At 
times we have seen the nucleus lying entirely external to the cell in the 
free ventricular space. A nucleus has also been observed lying entirely 
within a large vacuole (fig. 8B). 

Pigmentation is present in a minor degree in the normal choroid 
plexus of man. In this series the pigment was often found to be 
increased, usually being present in vacuoles (fig. 9). It occurred in the 
shape of irregular stars or crystals with bizarre shapes and sharp or 



Fig. 12. — Extensive edema of stroma in case 1. This degree of edema was 
present in only four cases. It usually occurs from two to four hours after injury. 
Death within four hours. Hematoxylin and eosin; reduced from X 200. 

irregular points. It was usually located in the periphery rather than 
the center of a vacuole. This might suggest that it did not float in the 
fluid, but sank to the most dependent portion. Flather,"^ in writing of 
the pigmentation found in animals, called it hemosiderin. In our cases 
iron was not shown by the potassium ferrocyanide test, although it was 
present in the fibrin masses both within and without the blood vessels. 
We have felt that the pigment was iron-free, possibly hematoidin. In 

24. Flather. M. D.; A Study of the Haemosiderin Content of the Choroid 
Plexus, Am. J. Anat. 32:125 (Sept.) 1923. 
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some instances the choroid epithelium was found to be broken up and 
bits of pigment were seen in its margin or lying free in the ventricular 
cavity. Pigmentation was not confined to the choroid epithelium, but 
was also present in lesser amounts in the stroma of the plexus. 

Normally the basement membrane is preserved intact. This was 
true in our series when the accumulation of fluid was moderate in 
degree and in the form of small globules. In such cases fluid spaces 
were usually present between the basement membrane and the wall of a 
blood vessel. When the process was more extensive and probably more 
rapid, the free fluid was found in large spaces in the stroma and the 
basement membrane was often torn. In certain instances it was greatly 



Fig. 13. — Hemorrhage into stroma in case 19. Extensive hemorrhage into 
edematous stroma. Tlse red blood cells are well preserved. Diffuse pigmentation 
of the stroma and the choroidal epithelium. Death after ten hours. Hemato.xylin 
and eosin ; reduced from X S60. 

distorted or even destroyed, so that the inferior aspects of the cells were 
extremely irregular and appeared as though fluid were pushing into or 
between them (fig. 10) . In slower processes vacuoles were found which 
indented the basement membrane and pressed into the base of the cell. 
More characteristicall}^ the first indication of the passage of ui 
through the cell was a flattened vacuole lying along the basement mem- 
brane or less commonly along the lateral cell wall. As the ^ 

increased in size, it became more rounded and came in contact v it i t 
inferior aspect of the nucleus. The nucleus at times was indented by 
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the vacuole, much like the basement membrane described. These 
basilarly situated vacuoles suggest the canaliculi which Sundwall 
found in the choroid plexus of the ox.^® 

The connective tissue of the stroma is inconspicuous in the normal 
choroid plexus. After injury various degrees of edema were observed. 
These were most striking under lower magnification. In some instances 
there was but minor separation of the fibrous constituents and only 
small collections of fluid were found in the stroma (fig. 11). In others 
the swelling was more diffuse and distention reached tremendous 



Fig. 14. — A, phagocytosis of pigment in stroma in case 22. Death in five days. 
Hematoxylin and eosin; reduced from X 560. B, pigment in choroid plexus in 
case 19. Death in ten hours. With the Prussian blue method, calcospheres stained 
deep blue and small pigment granules brown; reduced from X 95. 


proportions (fig. 12). The fluid at times accumulated in large spaces 
in various portions in the stroma, but characteristically between the 

25. The question arises whether Sundwall was describing normal or traumatic 
choroid plexuses, as the method of slaughtering oxen is usually by striking on the 
head with a sledge hammer. If this was the method of killing employed, the 
animal would certainly suffer a concussion and contusion of the brain and present 
pathologic changes in the choroid. 
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blood vessels and basement membrane. These collections of fluid at 
times took the form of numerous small droplets. When they became 
enlarged the smaller individual septums were broken down so that e.vten- 
sive spaces were found. From our observation in several cases showing 
early changes it would seem as though fluid may collect in the loose con- 
nective tissue of the stroma before it appears as vacuoles in the choroidal 
epithelium Hemorrhage at times occurred in the stroma, often with the 
red b'ood cells well preserved (fig. 13). 

Certain changes were found in the connective tissue cells. If the 
edema of the stroma was moderate the nucleus might be swollen so that 



it appeared vesicular or more rounded than normal. It was normalh 
oval and much elongated. In other cases the nuclei took peculiar shapes 
with indentations and projecting pseudopodia. The cells and nuclei 
were occasionally vacuolated. If the nuclei became vesicuhr t le 
chromatin assumed a circular arrangement as in plasma cells. Pigmen 
ration was often present in the stroma, in ivhich case the pigme 
granules were contained in phagocytic cells or sometimes appeare e\ 
in the leukocytes (fig 14A). Noniron-containing pigment vas 
strated by the specific potassium ferrocvanide test ( &• 
Findlay® likewise described pigment as being present m piagoc} 
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cells of the stroma, as well as within A'acuoles of the choroid epithelium. 
Masses of “fibrin,” referred to by us as “fibrin thrombi,” were some- 
times found outside as well as inside the lumen of the vessels.-® These 
took a deep bluish purple with the routine stains. With the iron stains, 
i. e., potassium ferrocyanide, they were found to contain much iron in 
their meshes. In some cases these “fibrin thrombi” were numerous and 
formed a conspicuous feature in the low power magnifications. They 
were usually found to be more numerous in older persons. Osnato and 
Giliberti mentioned the occurrence of these “fibrin thrombi” and con- 
cluded that their presence is due to a disturbance of the colloidal equi- 
librium of blood calcium, favoring its precipitation. Psammoma bodies 



Fig. 16. — Wandering cells in stroma and ventricles in case 40. Extensive 
infiltration of leukocytes in choroid plexus in a clinical case of meningitis follow- 
ing injury. Death in nineteen days. Hematoxjdin and eosin ; reduced from X 
200 . 

were also frequent in the pedicle of the choroid plexus- and likewise 
increased in number as age advanced. The blood vessels were usually 
distended, owing largely to preliminary embalming. This also explained 

26. Because these structures are found in normal as Avell as in abnormal choroid 
plexuses, their presence is not indicative of previous trauma. It is evident from 
their situation and incidence, as well as from their staining reaction, that they 
are closely related to the psammoma bodies that occur in the pedicle of the plexus. 

27. Osnato, M., and Giliberti, V.: Postconcussion Neuroses; Traumatic 
Encephalitis ; A Conception of Postconcussion Phenomena, Arch. Neurol. & 
Psychiat. 18:181 (Aug.) 1927. 
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the fact that most of them were empty, as the blood had been washed 
out by this process. At times the nuclei of the endothelial cells of the 
vessels were swollen and vesicular. This was considered as secondary 
to edematous and hyperemic changes in the choroid plexus. 

In many cases round or polymorphonuclear leukocytes were seen in 
the stroma of the choroid plexus (fig. 15). They were often present 
microscopically, even when meningitis was not observed grossly or 
present clinically. They were, of course, always found in greater num- 
bers when meningitis was present clinically (fig. 16). 

The normal ependyma (fig. 17) consists of a single layer of epithe- 
lial cells of the squamous or cuboidal type, attached to the underlying 
substance of the brain by a delicate basement membrane. However, as 
the choroid plexus is approached these cells become more columnar. 



Fig. 17.— Normal ependyma. Cells are cuboidal, having an indistinct basement 
membrane. A few small vacuoles can be seen between the nuclei in several ce s 
They are normally present in small numbers in the ependyma Hematoxylin an 
cosm; reduced from X h^OO. 


The low normal or squamous type has been found to measure approxi- 
mately 5 microns in height. The cuboidal type varies from to 
microns in height, and the columnar type averages from 1 to 
microns. Normally they may contain a few vacuoles. Their niiclei ar^ 
oval and occupy a position near the base of the cell tMti ^ J! 
diameter corresponding to that of the cell. A thin indefinite basemen 
membrane can be made out in places. This in part ma> e comp 
the basal lining of the cells themselves. The t 

usually shows little edema and does not tend to distort t le . 

of the basement membrane. _ . 

Following injury we found changes A' The 

respects closely resembling those seen in the c oroi p 




RAND-COURT^ILLE— HISTOLOGIC STUDIES OF BRAIN 421 


epithelial cells were swollen in proportion to the edema present. Often 
they were from two to three times as high as a normal cell, some indi- 
vidual cells measuring as much as from 30.1 to 30.25 microns. The 
nuclei were often pushed to a distal position in the cells by the under- 
lying wall of advancing fluid, so that they gave a palisaded appearance 
(fig. 18). The fluid often formed a line of vacuoles behind them. 
Again they were pushed about in an eccentric manner by the vacuoles in 
the ependymal cells. These vacuoles at times literally tore the cells to 
pieces and little was left except the tattered margin and the displaced 
nucleus. It is possible that the whole cell, including the basement mem- 
brane, was pushed far forward in some instances. The basement mem- 



Fig. 18. — Moderate vacuolization of ependymal epithelium in case 11. Most 
of the fluid is in the base of the cells, apparently pushing the nuclei forward and 
giving a palisaded appearance. Death in twenty hours. Hematoxylin and eosin; 
reduced from X 1,400 


brane was usually distorted and was often broken or entirely destroyed 
by the fluid pressure from below. The subependymal tissue likewise 
showed var 3 dng degrees of fluid distention. In minor or moderate cases 
it was but little changed, with perhaps some increase in the size of the 
interstitial spaces. In “full blown” edema, however, the intercommuni- 
cating septums were entirely torn apart so that great lakes of fluid often 
could be seen piling up behind the ependymal lining (fig. 19). On occa- 
sion the ependymal cells were separated so that fluid could be seen pass- 
ing between them. In cases of bleeding into the ventricle, a layer of 
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broken-down red blood cells in various degrees of degeneration could be 
seen clinging to the free margin of the ependymal lining (fig. 20). 

INTERPRETATION OF OBSERVATIONS 

In reviewing this series of cases, it seems to us that the increased 
vacuolization, both of the epithelium of the choroid plexuses and of the 
ependyma, suggests that these structures are capable of secretion of 
fluid. If this is true it is further evidence that the choroid plexuses in 
particular are the chief sources of cerebrospinal fluid. It seems logical 
to conclude that following severe injuries to the head, the activity of 
the choroid plexuses as well as of the ependyma is stimulated. This 



Fig. 19. — Marked vacuolization of the “full blown” ependyma in case 24. The 
cells are markedly distorted by the large vacuoles. One of them appears to hare 
broken through into the ventricles. The subependj^mal tissue appears to be 
definitely edematous. Death two days after injury. Hematox)’lin and eosin, 
reduced from X 1,400. 

probably accounts for the excess of cerebrospinal fluid found clinicall) 
in such cases. This process apparently starts immediatel} following an 
injur}^ and proceeds with varying intensity until the death of the patient 
or until his recovery begins. On occasion it is undoubtedly influence ) 
other concomitant factors, such as alcoholism, meningitis, rentnc 
hemorrhage, decompressive operations or the employment of htperto 
solutions in treatment. From an experimental standpoint ’ 
venous use of h 5 ’pertonic solutions apparently retards the actni . 
the gland wdiile the administration of Itypotonic solutionj. 
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Weed and Ferraror'* stimulates it. In Ferraro’s series of rabbits, in 
which hypotonic solutions were introduced intravenously, the vacuoliza- 
tion of the choroid plexus was greatly increased. Edema of the stroma 
was also present. In his animals there were large collections of fluid 
in the ependymal cells as well as an increase in the vacuolization of the 
subependymal tissues. His observations were practically identical with, 
although more extensive than, those made in this series. This is to be 
expected, as it is possible to produce more marked edematous changes in 
the “water brain” of the rabbit than would reasonably follow trauma in 
man. In our series of cases in which intravenous injections of hyper- 
tonic dextrose solution were given, the changes in the choroid plexus 



Fig. 20. — Vacuolization of ependymal cells and ventricular hemorrhage in case 
10. Vacuolization of ependyma is moderately increased, the fluid vesicles dis- 
placing and distorting the nuclei. Red blood cells in various stages of degeneration 
are found along its free margin. Grossly the ventricles were filled with blood. 
Death uithin twenty minutes. Hematoxylin and eosin; reduced from X 1,400. 

and the ependyma were less marked than otherwise. The greatest 
degree of change was found in the patients who died from two to four 
hours after injury to the head. Practically none of these patients 
received hypertonic dextrose solution. It would be interesting to 

28. V’eed, L. H.: The Effects of Hypotonic Solutions upon the Cell-Morphol- 
og\- of the Chorioid Plexuses and Central Xervous S%stem, Am. J Anat 32-^53 
(Sept.) 1923. 

29. Ferraro, A.: The Reaction of the Brain Tissue to Intravenous Injection 
of Hypotonic Solutions, J. Xerv. & Mcnt. Dis 71:129 (Feb I 1930 
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speculate as to what extent changes may occur in the choroid plexuses 
and ependyma in nonfatal cases. 

In attempting to interpret our observations, the normal physiologic 
process of the choroid plexus is a constantly recurring question. Whether 
the cerebrospinal fluid is formed by a process of secretion, excretion or 
dialyzation has not been answered. If it is a secretion, as we have come 
to believe, two mechanisms for the formation of this fluid may be con- 
sidered. Is it a result of selective activity of the choroidal epithelium or 
is it a vasomotor phenomenon ? Findlay ® and Mott both described 
nerve fibers in the choroid plexuses of the calf, sheep and man. These 
are in the neighborhood of the blood vessels of the stroma and take a 
plexiform arrangement. The}^ were not able to demonstrate terminal 
fibrils to the epithelial cells themselves. From a histologic standpoint it 
seems that the blood vessels of the choroid are equipped with a vaso- 
motor control. Whether the secretion of cerebrospinal fluid depends 
wholly or in part on vasomotor activity is an unsettled question. How- 
ever, the presence of such nervous elements suggests a function of some 
sort, although as yet this function is unknown. It may be that increased 
production of fluid by the administration of vasodilators, such as pilo- 
carpine and ether, may result from an increase in blood flow to the 
plexuses. It is further possible that the increase in fluid production fol- 
lowing injuiy to the head may be due to a paralytic action on the vaso- 
constrictors either directly or perhaps indirectly through a secondary 
substance, as has been suggested in the production of local edema of 
peripheral soft tissues after injury. 

CONCLUSIONS 

1. Increased vacuolization of the choroidal epithelium together with 
heightening of the individual cells is usually found following fatal 
injury to the head. This may occur in the form of single large circum- 
scribed vacuoles or as numerous small droplets giving the impression o 
cellular edema. These changes vary within wide limits, and, beginning 
immediately, apparently reach their maximum in from two to four 
hours following injury. Other factors, such as shock, the time inte^a 
between injury and death and the use of lypertonic dextrose so utiOT. 
undoubtedly influence the ultimate picture. By analogy, it ma} 
assumed that similar changes occur in nonfatal cases. 

2. A variable degree of edema of the stroma takes place 
circumstances. It is felt that this edema probably precedes the changes 
in the epithelial cells. On occasion, hemorrhagic extravasations 

30. Mott, F. W.: The Pathologj^ of the Cerebro-Spmal Fluid, Lancet 2.1 a 
79, 1910, 
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observed, but more frequently one sees pigment in the stroma and epi- 
thelial vacuoles, which may indicate disintegration of red blood cells. 
We believe that this pigment is hematoidin. 

3. Subependymal edema, as well as an increase in the vacuolization 
and the height of the ependymal cells, often occurs. These changes are 
variable in degree and are not as constant as those found in the choroid 
plexus. 

4. The changes are similar to those found in the “water brain” of 
animals produced experimentally by the intravenous injection of hypo- 
tonic solutions. 

5. Whether the changes observed are due to selective activity of the 
epithelial cells or are secondary to vasomotor phenomena is as yet 
undetermined. 



THE SIGNIFICANCE OF FAT EMBOLISM* 


B. M. VANCE, M.D. 

NEW YORK 

INTRODUCTION 

Fat eiiibolisni is that condition which occurs when a liquid oil enters 
the circulating blood and is transported in globules large enough to 
obstruct the lumen of blood vessels in different parts of the body. It 
has been described frequently as an important complication of trauma 
in human beings, and occasionally may be severe enough to be a definite 
cause of death. Two well defined clinical and pathologic varieties of 
fat embolism are now recognized: (1) the pulmonary form, in which 
the emboli obstruct the smaller blood vessels of the lungs and produce 
symptoms of asphyxia, and (2) the cerebral form, in which the emboli 
gain entrance to the arterial circulation, block the arterioles in the 
different organs, especially the brain, and produce symptoms referable 
to the central nervous system. 

Fat embolism of a less serious nature has been found at necropsy not 
only in persons who have suffered from trauma, but in others who do 
not give a traumatic history. At the present time, while it is recognized 
that the condition is a definite result of injury, many believe that it can 
occur from other causes. 

I have made an attempt to discover how far this belief is correct. 
The literature on fat embolism is reviewed briefly, and a number of 
routine necropsies of the Office of the Chief Medical Examiner of 
New York ’are studied for the purpose of ascertaining the incidence 
and importance of this condition. 

The subject has been subdivided for convenience into the following 
pai'ts : 

Fat Embolism in Human Pathology : Etiology. 

Fat Embolism in Human Pathology: Clinical Signs and Pathologic Lesions. 

(a) Pulmonary Fat Embolism. 

([}) Systemic or Cerebral Fat Embolism 

(c) Diagnosis and Treatment of Fat Embolism. 

Fat Embolism in Animal Experiments. 

Comment and Summary. 

FAT EMBOLISM IN HUMAN PATHOLOGY; ETIOLOGli 

In the literature, two main classes of conditions arc associated v 
fat embolism. The first category includes true etiologic factors, i 

* Submitted for publication, Oct. 20, 1930. ^ r -v- v rt 

*From the office of the Chief Medical Examiner o i’c'' 
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as traumas to the adipose tissues of the bod)^ and the intravenous injec- 
tion of oily substances. The second category comprises a variety of 
processes which have been mentioned as causative agents but which have 
a doubtful significance in this respect. 

The true etiologic factors are classified as follows : 

Traumas to the adipose tissue: 

1. Trauma to the osseous system 

(a) Fractures of the bones 

(b) Jarring of the skeleton 

(c) Orthopedic operations 

2. Trauma to subcutaneous and intermuscular fat 

3. Trauma to fatty A'iscera 
Intravenous injection of various oils 

The dubious etiologic factors are: 

1. Burns 

2. Postmortem processes 

3. Poisons 

4. Natural causes of death 

TRAUMAS TO ADIPOSE TISSUE 

Fat embolism is produced by physical injury to fatty tissue only 
when the three conditions enumerated by Gauss ^ are present: 1. The 
force must so injure the envelop of the fat cell that liquid fat is set free. 

2. The force must tear small veins in the vicinity of the liquid fat. 

3. Some mechanism must be present which will drive the liquid fat into 
the open ends of the torn veins and so introduce it into the general 
venous ciixulation. These factors operate in all cases of fat embolism 
due to trauma, but are especially applicable when the skeletal bone 
marrow is involved. 

1. Trauma to flic Osseous System. — consideration of the struc- 
ture of the long bones and the fatty bone marrow is necessary for a 
proper understanding of the close connection of skeletal injuries and 
fat embolism. 

In normal infancy and childhood the long bones are easih' bent 
and contain a red cellular marrow throughout. According to Landois - 
the fat present is composed of the less fluid oils, such as palmitin and 
stearin, with a smaller proportion of the more fluid olein. The archi- 
tecture of the bone is more homogeneous, and the transition from the 

1. Gnuss, Harry: The Patholoco' of Fat EmhoHsm, .\rch. Sure. 9:592 (Nov ) 
1924. 

2. Lauclois: Deutsche med. Wchnschr. 52:283 (Feb. 12) 1926. 
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dense bone of the shaft^ to the cancellous bone of the extremities is 
more gradual than in adult skeletons. 

By the usual process of growth, the cellular bone marrow becomes 
more and more fatty and the proportion of olein increases so that the 
oil is quite fluid at body temperature. The shaft and epiphyses are 
more clearly separated in structure, as the latter are composed of spongy 
cancellous bone filled with fatty marrow, while the shaft is a hard tube 
of dense bone, surrounding a friable vascular fatty marrow. All these 
anatomic peculiarities are important factors in the causation of fat 
embolism. 

(a) F ractures of the Shafts of the Long Bones ; The most fre- 
quent cause of fat embolism is fracture of the shaft of a long bone, 
especially in the lower extremity. Numerous reports have testified 
abundantly to this lesion as an important etiologic factor from the time 
of Busch, ^ in 1865, to the present day. 

There are good reasons why fat embolism should accompany this 
type of injury. In the first place, many fat cells are ruptured and an 
appreciable amount of liquid oil is set free around the ends of the 
broken bones. As Gauss ^ pointed out, many veins are torn across, 
especially those in the haversian canals which are enclosed in a rigid 
tube of bone and cannot readily collapse. According to Bergemann,* 
the natural aspirating force of the veins will remove such liquid fat 
as may be set free and transport it to the main venous circulation and 
hence to the lungs. Any increase of internal tension in the area of 
injury, such as might occur from a marked hemorrhage or reflex spasm 
of the muscles of the extremity, will only increase the absorption of 
fat and, as a result, the severity of the embolism. The experiences of 
Siegmund,® Sutton ® and others have established these facts beyond 
dispute. 

According to Landois,“ most of the serious cases of fat embolism 
after fracture occur in men between the ages of 20 and 50. Not only 
are these the years during which trauma is most likely to occur, but 
they are also the period when the bone marrow is especially fatty and 
contains the highest percentage of olein. As this oil is quite fluid at 
body temperature, it is more easily absorbed than the more viscous 
fats, palmitin and stearin, which are present in the fat in normal chi - 
dren. It is probably for this reason that a serious grade of fat embolism 
does not complicate fractures in children to the same degree as 
adults. 


3. Busch, F.: Virchows Arch. f. path. Anat. 35:321 1866. 

4. Ber^emann, E.: Berl. klin. Wchnschr. iTlPlS 

5. Siegmund, H.: Miinchen. med. Wchnschr. 65:10/6 (Sept. A) 

6. Sutton, George E.: Brit. M. J. 2:368 (Oct. 15) 1918. 
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{b) Concussion or Jarring of the Skeleton; A few instances of 
severe fat embolism have been described in which the skeleton was 
subjected to a severe jarring without, however, fracture of the bones. 
In the case of Ziemke," the casualty suffered was a fall from a height ; 
a fall on an amputation stump rvas described b}”^ Beitzke ; ® a heavy 
blow on the right knee occurred in the case of Busse ; ° the patient of 
"Ribbert'® suffered an unknown injury of which the only trace was 
a small bruise on the right hip; and in the case of Frauendorfer the 
patient fell into a pool at the moment an underwater bomb was exploded. 

Except in the case of Frauendorfer, lesions of the bones and bone 
marrow were not described. This investigator noted a large number 
of lentil and pea-sized hemorrhages scattered through the fatty bone 
marrow, which he regarded as the result of the violence inflicted on the 
skeleton by the explosion. He also believed them to be the source of 
the fat emboli. 

Schultze’- offered a plausible explanation of the mechanism by 
which such hemorrhages are produced. The sudden jarring separates 
small portions of the flaccid fatty marrow from the firm bony cortex, 
ruptures a few fat cells and tears a few arteries and veins in the affected 
area. Numerous small hemorrhages then occur and raise the pressure 
inside the bony cavity, thus forcing liquid fat into the torn veins and 
so into the circulation. 

. (c) Orthopedic Operations: Various operations on bones and 
joints for the correction of deformities and other morbid conditions 
have frequently caused a fat embolism with fatal results. In a few 
instances the condition was due to open operations, as in Lucke’s 
case of resection of the hip joint, Vogt’s case of resection of the knee 
joint and Kirschner’s case of osteotomy. The bloodless correction of 
old joint contractures, especiall}'’ about the knee, was made responsible 
for the same complication in the reports of Colley,^'’ Lymphius,^'^ 
Ebcrth,’® Pa}’rd® Clarke and others. 
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In short, fat embolism is accepted as a possible serious complication 
of orthopedic operations and is considered by man}?^ as referable, not 
only to the necessary trauma of the operation, but also to the abnormal 
conditions of the bones and bone marrow of the patients. Generally 
the skeletal deformities lead to prolonged rest in bed and disuse of the 
extremities, with the result that the marrow soon becomes fatty and 
the bone soft and osteoporotic. The manipulations during the operation 
cause considerable distortion of the bone, a general rise of intra-osseous 
pressure and rupture of fat cells and veins. Conditions are thus 
favorable for the introduction of fat into the circulation. In a few 
instances injuries of the soft parts, muscular tears, epiphyseal sepa- 
rations and actual fractures serve to increase the intensity of the 
embolism. 

2. Trauma to the Adipose Tissue of the Skin and Intcnnuscular 
Areas . — Injuries that rupture the subcutaneous and intermuscular fat 
cells not infrequently cause a fat embolism of a severe grade, as the 
same mechanisms operate just as they do in the case of skeletal injuries. 
Cases of this sort were described by Flournoy,-^ Pinner -- and Buerger.-^ 

. The case of Buerger-® was a good example of injury to the sub- 
cutaneous fat, in which a fat embolism is especially likely to develop. 
A woman, aged 72, was beaten with a club, and suffered extensive 
separation of the dermis from the muscular fascia. The subcutaneous 
fat was torn, forming large pockets full of blood and oil. No fractures 
were noted. At necropsy, the lungs contained a large number of fat 
emboli. 

Injuries to the pelvic fatty tissue by the passage of the fetal head 
through the birth canal are said to cause fat embolism. Cases of this 
sort were reported by Warthin®^ and Virchow.®® 

Operative incisions in the subcutaneous fat of obese persons were 
mentioned as a cause of fat embolism by Ferguson and by Bissel. 

3. Trauma to the Fatty Viscera . — In rare instances a fatty internal 
organ, such as the liver, may be raptured and death may result not 
from shock or hemorrhage but from an extensive fat embolism. Cases 
of this kind were described by Hamilton "® and Engel. The latter 
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suggested that the embolism was caused by compression which forced 
fat from the liver cells into the torn ends of the small venules of the 
liver. 

Siegmund noted that fat embolism is occasionally associated with 
bullet wounds of the head which tear the brain tissue extensively. In 
these cases, however, the grade of the embolic process is usually slight. 

IXTRAVEKOUS INJECTION OF VARIOUS OILS 

The injection of oil intravenously will produce fat embolism, a fact 
that has been demonstrated repeatedl}^ by experiments on animals. It 
is only rarely, however, that this is duplicated in human beings. 
According to Weingarteh,^'’ the hypodermic injection of oily substances 
therapeutically can produce a slight grade of fat embolism, Koch 
injected liquid human fat into a scar of the neck and elicited symptoms 
that suggested that a nonfatal grade of fat embolism had been produced. 
Fibiger described a case in a man Avho received 50 cc. of olive oil 
intravenousl}’- and who died as a result of the injection. Such examples 
of the condition, however, are exceptional as far as human pathology is 
concerned. 

I^IORBID PROCESSES ASSOCIATED WITH FAT EMBOLISM : 

DUBIOUS ETIOLOGIC FACTORS 

Fat embolism has been described in connection with a variet}^ of 
conditions with which, however, the etiologic relationship is not 
altogether obvious. 

Burns . — Several investigators have found fat emboli in the pul- 
monary vessels of bodies that have been burned, and much contro- 
versy exists regarding the significance of this association. Olbrycht 
claimed that fat embolism is caused solely by antemortem burns and only 
when the burning is more severe than the first degree. According to 
him, the heat renders the fat fluid and opens the smaller vessels so 
that it can gain entrance to the circulation. Others, including 
Grocndahl,-'’^ Weimann and Harbitz,^® are inclined to question this 
interpretation, and to attribute the fat emboli to associated injuries. 
Groendahl pointed out that the degree of fat embolism described in 
cases of burn is usually slight and of minor importance. 
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Harbitz, however, mentioned that masses of liquid fat were found 
in the larger systemic veins of the trunk but not in the lungs in bodies 
that had been thoroughly cooked by flame. He expressed the belief 
that the process was caused entirely by the postmortem action of the 
heat which contracts the skin surface, liquefies the fat and forces it 
onward into the vessels. 


Poshnortein Processes . — ^According to Westenhoeffer,®^ a condition 
simulating fat embolism has been produced by the action of a post- 
mortem gas bacillus decomposition in the marrow cavity of the shaft 
of the long bones. In a woman who died as the result of a septic 
abortion, necropsy showed numerous fat globules in the pulmonary 
vessels. Ihe long bones showed marked invasion by gas bacilli, which 
Westenhoeffer attributed to the fact that the marrow in this case was 
rich in cells and so was a good nutrient medium for the organism. The 
formation of gas increased the intra-osseous pressure, freed the fat 
from the cell envelop and forced it through the veins into the 
pulmonary vessels. 

Neureiter and Strassman pointed out that the fat emboli in 
Westenhoeft'er’s case could have been due to some antemortem process, 
but they believed that postmortem transportation of fat by gaseous 
decomposition is possible. Buerger,-® on the other hand, regarded fat 
embolism as an intravital phenomenon in every case and declared a 
postmortem etiology unthinkable. 

In an)f event, the degree of postmortem embolism is comparatively 
slight, and the validity of Westenhoeffer’s theory has not been fully 
proved. 

Poisons . — Fat embolism has been cited in connection with death 
from various poisons. Groendahl ®* mentioned poisoning by phosphorus, 
potassium chlorate, potassium bichromate, potassium cyanide, corrosive 
mercuric chloride, U. S. P., phenol and alcohol as the alleged causatue 
factor, but he questioned any etiologic relationship between the poison 
ing and the embolism. 

Puppe ®® described fat globules in the vessels of a person who le 
of subacute phosphorus poisoning. He believed that they vere c^^^e 
by fatty degeneration of normal white blood cells which coalesced msi 

the vessel and formed fat emboli. _ _ 

MacEIahon and Weiss reported a fatal case of poisoning 
carbon tetrachloride associated Avith a marked fatty degeneration 
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the liver and with a macroscopic demonstration of fat in the Idood of 
the pulmonary artery. On microscopic examination, however, fat 
emboli were not found in the finer blood vessels of the lung, and a 
diagnosis of fat embolism was not made. 

Winogradow discovered fat emboli in a case of poisoning by 
potassium chlorate and believed them to be due to multiple hemorrhages 
in the fatt\- bone marrow caused by the toxic action of the chemical. 

Burns and Bromberg'*- described a case of fat embolism in an 
obese colored woman who had received an injection of arsphenaniine 
four days prior to death. No explanation was given for the fat emboli, 
but it is not at all probable that they were due to the toxic action of 
the drug. 

From these cases it is obvious that intravascular fat has been demon- 
strated in deaths due to chemical poisons, but it is not as evident that the 
action of the chemical was the causative factor in the production of the 
embolism. 

Nalural Causes of Death . — Fat embolism has also been associated 
with many deaths from natural and nontraumatic causes. In the older 
literature, as cited by Scriba,'*** necrotic purulent foci and septic processes 
in general were supposed to produce severe grades of this condition. 
This was especially true when an osteomyelitis of the shaft of a long 
bone was the lesion in question, as it was usually accompanied bj' a rise 
of intra-osseous pressure which was supposed to force fat into the 
circulation. Others believed that the intravascular fat took its origin 
from fatty degeneration of thrombi or ulcerated areas on the vessel 
wall. At present, these theories are not taken seriously. 

Jurgens and Virchow,-® considered that eclampsia caused fat 
embolism through multiple venous ruptures in the liver combined with 
fatty degeneration of the parenchyma cells which allowed liquid fat 
easily to enter the venous blood. Virchow, however, did not exclude 
injuries to the pelvic fat from childbirth as a cause of the emboli. It is 
])ossiblc that the fat emboli noted in connection with eclampsia may be 
due to some traumatic factor apart from the toxemia. 

Diabetes mellitus. with lipemia, is supposed to produce intravascular 
fat similar to fat embolism, owing to the coalescence of the fine lipemic 
emulsion into larger droplets. Fischer,-*® Ebstein,^® Saundby and 
Barling*' described cases of this kind. Graham.-*® however, claimed 
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that there is no similarity between the microscopic picture of tlie 
intravascular fat in diabetic lipemia and true fat embolism. It is not 
at all evident that the fat droplets in cases of fat embolism are derived 
from a lipemic condition of the blood. 

Several investigators, including ICatasa/® Olbrycht,"® Weingarteii,^" 
Lehman and McNattin,®° examined the lungs for fat embolism during 
a large number of I'outine necropsies in cases not associated with severe 
trauma. A definite proportion of positive observations were recorded, 
the highest of which was 50 per cent (Lehman and McNattin) and the 
lowest 7 per cent (Katasa). 

Many of Ivatasa’s series showed definite disease of the kidneys, and 
he was inclined to see a connection between the renal lesion and fat 
embolism. As Weingarten noted, however, care was not taken to exclude 
definitel)'- slight traumas of different sorts, hypodermic injections of 
therapeutic oils and the like, which would be sufficient to account for 
the slight degree of fat embolism that was found. 

Freak cases, interesting pathologically but of slight clinical impor- 
tance, have been reported. Heitzmann mentioned the instance of a 
man who died of gangrene of the lung following pneumonia; at necropsy 
fat emboli were found in the capillaries and the arterioles of the spleen 
and kidney, but not in the lung. This was explained by the fact that 
fatty debris had been aspirated from the gangrenous area through the 
pulmonary vein and transported to the left side of the heart and 
the arterial system. Groendahl described fat emboli confined to the 
radicles of the portal vein in the liA^er, which he believed originated in 
one instance from a fat necrosis of the pancreas, and in another from 
trauma to the mesenteric fat involved in intussusception of the 
intestines. 

A perusal of the literature suggests that while fat embolism is most 
often the result of injury to adipose tissue, examples of this condition 
have been recorded in which the history of trauma was not clear. The 
question then arises concerning the origin of the intravascular fatt) 
globules; are they or are they not alwa 3 '’S the result of trauma? 

An attempt was made to answer this question by studying a senes 
of 246 necropsies, which occurred among the routine examinations o 
the Office of the Chief Medical Examiner of New York City. _ Sections 
of the lungs and kidne 3 "S from each necropsy were preserr ed m a so 
tion of formaldeh 3 '^de, sectioned on the freezing microtome an s ain 
with Sudan III. The sections were examined under the microscope o 
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fat emboli, and the diagnosis was made only when it could be definitely 
determined that the globule of intravascular fat nas blocking the lumen 
of the arteriole or capillary. 

The lungs and kidneys were chosen for this purpose because the 
])resence of emboli in the lungs showed definitely that the liquid fat 
had entered the pulmonary circulation, while their presence in the 
kidney served as a convenient indication that the systemic circulation 
had been invaded. 

The interpretation of results was necessarily qualitative. In the 
sections from the lung five degrees of fat embolism were recorded: 
(1) very .slight, (2) slight, (3) moderate, (4) severe and (5) fatal. 
The degree was designated as a'ciw slight and slight when fat emboli 

Table 1. — Degree of Pulmonary Eat Embolism in Various Tyl>cs of Injury 


Injuries 
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Injuries to «oft parts of leg 

Fractures of spine 

Fracture: of lower jaw 

Bullet wounds 
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Internal injuries 

Scalp laceration 

General lacerations 

Manual strangulation 

Head injury with subdural hemorrhage. 
Contusion of anterior abdominal wall.. 
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G2 


20 


11 


ICt 


were found only occasional!}- in the section; as moderate when the 
emboli were numerous but did not occur in alarming numbers, and 
as severe and fatal when the embolism was excessive and dangerous 
to life. 

bat emboli were found in the kidneys only in a few cases of the 
severe and fatal types. They were never present when the lungs showed 
only a mild grade of embolism. They are not listed in the tabulations. 

No attempt was made to demonstrate fat in the blood of the 
pulmonar}- artery macroscojiically by the method described bv Bacon 
and LeCount.''- The conditions under which the necropsies were per- 
formed rendered the production of artefacts only too ]ikcl\- and would 
have given too many erroneous results. 

52. bacon, L. H.. .-iml LeCount. E. R ; Antonmbi’.e Injuries, .■\tc1i Sure 18* 

(M.arch) ]C29. 
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The 246 necropsies are separated into those associated with pliysical 
trauma, which numbered 164 cases, and those not associated with phys- 
ical trauma, which numbered 82 cases. The first category is repre- 
sented in table 1. The age and sex are not shown on the chart as the 
figures had little bearing on the results, and it is sufficient to mention 
that the male sex predominated and that the age at which the injuries 
were most prevalent was from 20 to 60 years. 

According to table 1, the type of injury had a great deal of influence 
on the production of the emboli. Fractures of the skeleton, especially 
of the bones of the lower extremit}’’, were marked b)'^ a greater incidence 
and a more severe grade of fat embolism than were other fonns of 
trauma. As a general rule, the more severe the violence that produced 
the fracture the more consistent was the appearance of the emboli 
in the lungs. 

Table 2. — Degree of Fat Embolism in Fractnres of the Lower Extremity 


Neea- Very Moder- 

tive Slight Slight ate Severe Fatal Total 


Patients dying at scene of accident 

Patients dying in 1 to 24 hours 

Patients dying in 1 to 7 days 

Patients dying in 7 to 14 days 

Patients dying in 14 to 21 days 

Patients dying after 21 days 
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In the cases of fracture of the lower extremity, there were indi- 
cations that most of the fat embolism was caused by aspiration of liquid 
fat into the circulation at the site of injury through the torn ends of 
the small veins. Investigation of the region of the fracture, especially 
in persons who had survived the violence only a few minutes, disclosed 
from 40 to 60 cc. of liquid fat mixed with blood around the ends o 
the broken bones. When the patient had lived longer the quantity o 
the extravasation was sometimes the same, but was usually much less. 
Apparently the amount taken into the circulation varied with the in i 
vidual case, because fractures similar in other respects showed ni ey 
different degrees of fat embolism. The protective mechanisms o 
organism against the aspiration of fat into the circulation, suci c 
collapse of the veins or closure of the veins by the processes o rep 
were more efficient in some instances than in others. 

A measure of the efficiency of these mechanisms can he note 
table 2, in w’^hich fiftr'^-nine cases of fracture of the lower extreini ^ 
listed. About 80 per cent of these wer^ negative for ^ 

showed onty a moderate number, while only 20 per cent isp‘ 
serious degree of embolism. 
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The relationship between the degree of fat embolism and the length 
of time the patient lived after the injury is shown in table 2. Of forty- 
eight patients who died during the first week after the trauma occurred, 
forty-three had fat emboli and five did not. The more severe grades 
of the condition were found in those who lived from one to seven 
days. After the first week only one case of slight degree was noted. 
These facts suggest that the greatest amount of fat enters the circu- 
lation in the first seven days after the fracture, but that after this 
interval it is removed from the vessels in some manner. , 

In injury other than fracture, only six cases showed fat embolism 
of moderate grade or over. Of these one was the result of an injury 
to the soft parts of the leg, one was due to a ruptured liver, two were 
the result of orthopedic manipulations, and one was associated with a 
contusion of the anterior abdominal wall followed by a laparatomy. In 


TM’Lr. 3. — Results oj Examtiialiou for Fat Emboli in Absence of Physical Trauma 
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the sixth case a bullet wound of the retroperitoneal tissues arid the 
inferior vena cava macerated the fat cells and allowed the liquid fat to 
gain entrance to the circulation through the hole in the vein. In spite 
of the fact that the patient died in a few minutes from hemon'hage, 
a moderate grade of pulmonary fat embolism was found. 

In this series there was no instance of fat embolism that could be 
attributed to jarring of the skeleton. There was one case, however, in 
which lesions similar to those described b)' Frauendorfer “ were noted 
in the bone marrow. A man. aged 45, fell from a height, fractured his 
left thigh hone and died in a few minutes of shock. The right femur 
was not broken, but section through the shaft disclosed hemorrhagic 
areas, from 1 to 2 mm. in size, distributed through the fatty marrow. 
On micro.^^copic examination, the fatty tissue was found to be torn from 
the bony trabeculae in these areas, with consequent extravasation of 
red blood cells. 

The eighty-two cases that were not associated with physical trauma 
are listed in table 3. 

1 he seven jiositive results were examples of a verv slight fat 
embolism in the lungs. The kidneys were normal in everv case. 

The large number of negative results cou])led with the few positive 
observations suggests that when death is not connected with jilivsical 
trauma a fat embolism of a serious grade is not likelv to develo]). 
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The cases of burns were caused by flame in two instances and were 
of the third degree. The other burn was due to scalding water. 

The cases of poisoning included eight of acute alcoholism, three of 
chronic alcoholism, one of alkaline corrosion of the stomach, one of 
arsphenamine poisoning, and one of illuminating gas poisoning, all 
of which were negative for fat emboli. The only positive result con- 
sisted of a very slight degree of fat embolism in a case of methyl 
alcohol poisoning, and the connection between the two conditions was 
dubious. 

Of the fifty-nine cases in which death was due to natural causes, 
fifty-three were negative, and six positive, for fat emboli. 

The cases giving negative results included ten of heart disease, four 
of chronic nephritis, three of advanced liver disease, twelve of pulmo- 
nary disease, six of cerebral conditions, six of sepsis following abortion, 
one of eclampsia, one of diabetes meilitus, two of pernicious anemia, 
one of pyelonephritis, one of mesenteric thrombosis, three of general 
carcinomatosis, one of intestinal obstruction and one case each of mal- 
nutrition and encephalitis, respectively, in children. 

The cases giving positive results comprised two of chronic nephritis, 
one of pachymeningitis interna hemondiagica, one of abscess of the 
brain, one of chronic duodenal ulcer and one of sepsis due to abortion. 

The reason for the pulmonaiy fat emboli in these cases must be a 
matter of speculation, as a complete history could not be obtained. It 
is conceivable, however, that a slight injury of adipose tissue some- 
where in the body during convulsions or therapeutic injections of oily 
liquids into a small vein by accident can produce this condition on 
occasion. In any event, the degree of the embolism in these cases was 
so slight as to be of little clinical importance. 

The only conclusions to draAv from these facts are that from 12 to 
14 per cent of cases of nontraumatic death may show a slight grade of 
fat embolism. As a result, a slight grade of fat embolism cannot be 
considered a reliable indication of trauma. On the other hand, a severe 
or moderate grade of fat embolism is the result of an intravital injui) 
and when demonstrated post mortem is sufficient proof that the trauma 
occurred prior to death. 


FAT EMBOLISA'f IN HUMAN PATHOLOGY; CLINICAL SIGNS 
AND PATHOLOGIC LESIONS 

After an injury when fat is absorbed into the blood the first stopp' » 
place is the lungs. These organs, as Fischer pointed out, are capa ) 
of accommodating large numbers of fat emboli. Their resene ' 

is so great that it is only in severe cases that the embolism o s 
pulmonary circulation. When this occurs, tvo erentuaities p 

53. Fischer, Bernhard : Verhandl. d. deutsch. path. Gescllsch. 
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themselves, as Payr first noted: 1. The patient will die as the result 
of asphyxia from the emholi in the lungs. 2. The emboli will be 
drir-en through the pulmonary vessels into the arterial side of the 
circulation where thev will cause death hj’’ involving such important 
organs as the brain, heart and kidneys. Payr termed the first out- 
come pulmonary fat embolism and the second, cerebral fat embolism. 

PULMONARY FAT EMBOLISM 

The symptoms of pulmonary fat embolism are referable to the 
obstruction in the pulmonary circulation which causes a marked decrease 
in the respirator}" interchange in the alveoli. As a result the oxyhemo- 
dobin content of the red blood cells is lessened and the carbon dioxide 
content of the plasma is increased. At the same time, the right side of 
the heait becomes engorged and is unable to force the blood onward. 
The supply of blood to the left side of the heart is curtailed, and the 
arterial blood pressure falls. The whole organism tends to suffer from 
the deficient oxygenation of the red blood cells and the disability of 
the circulation. In the end the interchange of oxygen in the tissues is 
damaged. 

Groendahl recognized two clinical varieties of pulmonary fat 
embolism; 1. The first type is marked by a violent onset of dyspnea 
attended by marked cyanosis and edema of the lungs which comes on 
•suddenly a few hours after the injury. Death in these cases is rapid 
and is attributed to the fact that after the trauma large amounts of 
fat are absorbed rapidly. 2. The second type is slower in its develop- 
ment. An appreciable interval of from several hours to several days 
intervenes between the injury and the onset of the symptoms. After the 
trauma the patient may be quiescent of at the most show a feAv signs of 
restlessness and anxiety. A persistent cough then appears, accompanied 
by blood-tinged sputum, d 3 'spnea, cyanosis and signs of edema. Toward 
the end the respiration becomes^^ stertorous and passes gradually into the 
Cheyne-Stokes type. In this final stage coma develops which is referable 
in part to the asphyxia and in part to a disturbance of the cerebi'al 
circulation. 

According to Groendahl,®* the pulmonary type of fat embolism is 
likely to develop in patients whose myocardium is weak, especially on 
the right side of the heart. Many of these cases are found in elderly 
persons possessing, in addition to the cardiac disability, emphysematous 
lungs the capillaries of Avhich are smaller than normal and so are more 
easily blockaded by the embolic fat. Groendahl claimed that dilatation 
of the right ventricle is found at necropsy in such cases. He contended 
that younger and stronger persons with an efficient heart muscle are 

54. Payr, E.; Ztschr. f. orthop. Chir. 7:338, 1900. 
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more apt to force the fat onward into the general circulation, and are 
less likely to succumb to asphyxia. 

The principal lesions in pulmonary fat embolism are in the lungs. 
On macroscopic examination these organs appear voluminous and 
cyanotic and show areas of aeration mingled with darker areas of 
congestion and edema, which are characteristic of asphyxial conditions 
in general. Small hemorrhages may occur in the pleura or in the 
septums of the lung; groups of alveoli may be failed with blood and 
appear under the pleura as small hemori'hagic foci. These lesions are 
supposed to be caused by the back pressure in the pulmonar}'^ circulation 
which ru2Dtures small pulmonary vessels. 

On microscojaic examination fat emboli can be demonsti'ated in tiie 
arterioles and capillaries of the lungs in large numbers. In the arterioles 
they appear as spherical or ovoid globules blocking the lumen. If the 
vessel branches at this point, the emboli may be forced into a dendritic 
or stellate form. In the capillaries the fat is seen in the form of small 
ovoid or spherical emboli which may be so numerous that the alveolar 
walls are outlined as if by strings of beads. As noted by Wegelin,” 
all parts of the lung are about equally involved. 

As a rule, the capillaries contain a large number of fat emboli only 
in persons who have had severe asphyxial symptoms during life. After 
an injury the fat first lodges in the arterioles, where it stays unless the 
pulmonai'y circulation is impeded by the embolism. When this occurs, 
the fat globules in the arterioles are forced into the capillary network 
and are broken up into smaller globules in the process. Not infrequently 
a small amount of the fat is forced further on into the systemic circu- 
lation, so that in cases of severe laulmonary involvement isolated emboli 
can be found in the finer vessels of the kidney, myocardium and 
cei'ebral cortex. 

Aside from the embolism in the vessels the lungs show fluid in the 
alveoli, in which ai'e red blood cells, leukocytes, large spherical cells and 
the like. In some instances the exudate may become frankly that o 
a bronchopneumonia. In rai'e instances fibrinous thrombi may form 
ante mortem in some of the smaller arteries as a result of the stasis 


in the pulmonary circulation. _ . 

The presence in the alveoli of large spherical cells containing 
granules is noted often and similar cells are found in the sputum ur 
life. Elting and Martin regarded this as an important diagnos ic 
sign. In the absence of fat embolism, however, similar cells j 

found in the lungs in various toxic conditions. For this reason, le 
presence cannot be considered pathognomonic. 


55. Wegdin, C.: Sdiwdz. nied. Wclmsdir. 4:!33 <]:'*■ 
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Several examples of pulmonary fat embolism, of severe enough grade 
to be clinically important, were found in the necropsy material. ^ They 
could be divided arbitrarily into two categories: (1) cases in which the 
fat embolism in the lungs was severe enough to contribute to the death 
of the patient, if associated with some other morbid condition, and 
(2) cases in which the grade of fat embolism was so marked that it 
caused death by itself. 

Unfortunately, in all instances an adequate clinical history was not 
obtainable, but the postmortem observations indicated the true condi- 
tion sufficiently well. Category 1 Avas represented by three cases. 

Case 1. — A white woman, aged 70, sustained a compound fracture of the left 
tibia and fibula in an automobile accident. She survived the injury four days. 
At necropsy, an infected compound fracture of the left leg was found, and a few 
of the ribs were fractured. Signs indicated that the chief cause of death was septic 
poisoning. However, there were numerous fat emboli in the arterioles and capil- 
laries of the lungs and a few in the cerebral cortex and glomeruli of the kidneys. 
The fat embolism in all probability contributed to the fatal result through its 
effect on the pulmonary circulation. 

Case 2. — A white man, aged 75 , was struck by an automobile and suffered a 
fracture of the left tibia and fibula, the left clavicle and eight ribs on the left side. 
He died about twenty-four hours after the injury. A clinical history of his symp- 
toms was not obtainable. Necropsy revealed all the signs of a marked general 
arteriosclerosis and, in particular, a marked fibrosis of the left ventricle. The lungs 
were congested and edematous. Microscopic examination showed numerous fat 
emboli in the arterioles and capillaries of the lung, and a few in the cerebral 
cortex and the glomeruli of the kidneys. It was obvious that the embolism was 
severe enough to embarrass the circulation already damaged by arteriosclerotic 
processes. 

Case 3. — A man, aged 39, was struck in the abdomen by an automobile. He 
entered the hospital complaining of rigidity and tenderness in the upper left 
quadrant. The symptoms strongly suggested an internal abdominal injury, so a 
laparotomy was performed under ether anesthesia about two hours after admission. 
A contusion of the left rectus abdominalis was noted, but the internal organs were 
intact and the peritoneal cavity was normal. After the operation, a hypostatic 
pneumonia developed and the patient died of this complication two and a half 
days after he sustained the trauma. 

Necropsy disclosed the contusion of the abdominal wall, the laparotomy wound 
and a severe hypostatic pneumonia of both lungs. The skin and tissues were 
slightly icteric and more or less dehydrated. It was evident that the patient was 
suffering from considerable toxemia. Microscopic examination revealed numerous 
fat emboli in the arterioles and capillaries of the lung, but there were none present 
in the brain, heart or kidneys. There were indications, however, that the right 
side of the heart had been somewhat embarrassed by the embolism in the lungs, 
for in places the white matter of the cerebral cortex showed red dots, the size of 
a pinhead and circular in outline, which on section were found to be engorged 
veins. They were produced by back pressure in the venous system, combined with 
the toxemia from the pneumonia, which had the effect of causing a marked disten- 
tion of the vessels. 



442 


ARCHIVES OF SURGERy 


In all these cases the degree of fat embolism was about the same 
Most of the arterioles were filled with fat globules, and here and there 
the walls of from two to four adjacent alveoli showed distinct rows 
of fat globules in the capillaries. It is possible that in itself the process 
might not have resulted fatally, but in combination with other pathologic 
conditions the embolism caused enough embarrassment of the pulmo- 
nary circulation to hasten the death of the patient. 

Many investigators consider that fat embolism not infrequently 
complicates othei conditions to produce death ; in general, this is the 
view expressed by Payr,®* Groendahl and Frauendorfer.^i PajT,^® 
who investigated fat embolism after orthopedic manipulations, was of 
the opinion that the fatal result was attributable to the fat emboli 
acting in conjunction with status lympliaticus. Similar^, in the stud}' 
of traumatic shock, Gold and Loeffler reached the conclusion that the 
chief role of fat embolism was to increase the deleterious effects 
primarily attributable to the shock. 

The second type of pulmonary fat embolism comprised those cases 
in which the process was so marked that it was capable of causing 
death. 


Case 4. — This case was described previously.®® A man, aged 62, was struck by 
an automobile and sustained fractures of the right femur, right tibia and right 
fibula. He died tliirty-six hours later in an asthmatic attack. 

At necropsy, there was a moderate degree of coronary arteriosclerosis, chronic 
nephritis, senile atrophy of the brain and hypertrophy of the prostate. The lungs 
were large and edematous. Microscopic examination disclosed a marked capillary 
fat embolism of the alveolar walls, to such a degree that the alveoli in places were 
practically outlined by fat droplets. A few fat emboli were found in the braivi, 
kidneys and heart muscle, but not in sufficient number to produce a lesion. 


Case 5. — A white man, aged 45, was found in a hallway at the foot of the 
stairs. There was no history of a definite trauma, but on admission to the hos- 
pital the patient was in coma, was deeply alcoholic and showed lacerations of the 
scalp, a fracture of the left fibula and a luxation of the inner end of the le t 
clavicle. For the first ten hours after admission he was irrational but recoieret 
consciousness sufficiently to tell his name and address. At this time it was iiofet 
that his respirations became more difficult and rapid, and his pulse rate increaset 
steadily up to the time of his death, thirty-one hours after admission. _ _ 

Necropsy disclosed a well developed adult male with a number of injuries, 
left fibula was broken in two places, and the internal malleolus of the le t ti la n 
broken across. There was a fracture of the sternum and of ribs 2, a 
on the left side anteriorly. These fractures were simple. There was a 
the inner end of the left clavicle. In addition there was a su cu 
of the skin in the right popliteal space from the muse es t roug i i 3 
over an area 3 by 4 inches (7.6 by lO.l cm.). The skull showed a small 
fracture posteriorly, but the brain was not lacerated. 


57. Gold, E, and Loeffl.r, E.: Ztschr. !. d gos. BP». 

58. Vance, B. M.; Fatal Fat Embolism, Ardi. Path. 7.ao (- 
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The internal organs showed the lungs to be heavy and edematous, with areas 
of atelectasis posteriorly, and a small patch of pneumonia in the anterior part of 
the left upper lobe, about 1 inch (2.5 cm.) in diameter. The heart was large but 
normal. The foramen ovale was not patent. The stomach was distended with 
a large quantity of foul-smelling fluid, but the rest of the gastro-intestinal tract 
was normal. The other internal organs were practically normal. 

On microscopic examination the lungs were Riled with a large number of fat 
emboli which crowded the capillaries and arterioles to such an extent that numer- 
ous alveoli were outlined by the lines of globular emboli (fig. 1). Considerable 



Fig. 1 (case 5). — Section of the lung in pulmonary fat embolism. Osmic acid 
stain. 


edematous fluid was present in the alveolar lumen. A moderate number of emboli 
were fouird in the cerebral cortex, the myocardium and the glomeruli of the 
kidney. 

In this case it is obvious that the embolism was the cause of death and that 
the pneumonia was so slight that it was merely a complicating and terminal factor. 

SYSTEMIC OR CEREBKAL EAT EMBOLISM 

In a few patients fat emboli may pass in large numbers from the 
pulmonary circulation into the arterial circulation, and hence be dis- 
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tributed to all the organs of the body, especially the brain, heart and 
kidneys. The most prominent symptoms are caused by the action of 
this process on the brain, and so the term cerebral fat embolism has 
been applied to the condition by Payr,®-^ Groendahl and others. 

The fat is supposed to be transferred from the venous circulation 
to the arterial vessels in two wa 3 fs; 

1. It is transferred through some opening which enables the right 
side of the heart to communicate with the left side, which in most 
instances is the foramen ovale. According to Kaufmann,®® the foramen 
is present in 33.33 per cent of all cases that come to necrops}’, and is 
located in the interauricular septum. It can generall)'’ be demonstrated 
as a narrow slit, penetrating the septal wall obliquely, so that under 
normal conditions it is doubtful if blood ever passes through it from 
one circulation to the other. Certain investigators, including Naville 
and Fromberg and Frauendorfer,^’^ however, have expressed belief 
that in cases of fat embolism liquid fat ma)'^ be forced from the right 
auricle through the foramen ovale into the left auricle. As Frauen- 
dorfer explained it, the blocking of the pulmonar}'^ vessels by the 
embolism raises the pressure in the pulmonar}'^ arter}- and the right side 
of the heart, and the foramen ovale is opened so that blood and oil 
pass into the left side of the heart. It cannot be proved, of course, 
that this method of ti'ansfer is impossible, but it has been shown that 
a cerebral fat embolism of a severe grade can occur in the absence 
of a patent foramen ovale or any other similar channel. 

2. It is probable that the most important, if not the only, method 
of transference of the oil from the venous side to the arterial side is 
through the pulmonar}' capillaries into the pulmonary veins. As 
Groendahl pointed out, the typical examples of this process are to 
be found in sthenic persons, whose right ventricle is strong enough to 
force the obstructing fat globules through the capillaries of the lung, 
which are relativel}’’ large and easily distensible. The process is greatl} 
enhanced, according to Siegmund,® by any subsequent trauma which ma} 
befall the patient. In his series of cases of fracture among the voun e 
in the battle field, the jarring inflicted on the patients in transporting, 
them from one place to another undoubtedly forced the fat from tie 
pulmonar}’ capillaries into the arterial blood and caused s}stemic 

embolism. . . . .. , i 

After the fat has reached the left side of the heart, it is is n ii 
immediately to the different parts of the body, blocks the arterioles an 

59. Kaufmann, E.: Lehrbuch der speziellen pathologischen .A.natomie, Berlin, 
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capillaries, and causes definite pathologic changes in the various organs. 
Because its arterial blood supply is extensive, the brain receives a large 
proportion of the fat emboli. These cause changes in the brain sub- 
stance and evoke the clinical picture that Groendahl and others have 
described under the name of cerebral fat embolism. 

The symptoms of this complication can be divided into three stages 
which at times can hz differentiated sharply but in other instances shade 
imperceptibly into one another: 

(a) There is first the period between the trauma and the first 
appearance of symptoms, which averages from forty-eight to sixty 
hours in length, but which may var} from four hours to nine days. 
In this stage the patient is free from disturbing complications and is 
relatively comfortable. 

{b) The soporific stage occurs next and is usually ushered in by 
premonitory signs, such as dyspnea, restlessness, precordial pains and 
increased pulse rate. Groendahl suggested that this is the stage when 
the fat is passing through the pulmonar)’' capillaries into the arterial 
blood and that it is probably referable to the difficulties experienced by 
the right side of the heart during this process. Shortly after, symptoms 
of cerebral origin occur, such as insomnia, loss of memor}*, disorienta- 
tion and a slight delirium, which in alcoholic patients may become true 
delirium tremens. After a variable inten^al, the patient sinks into a 
stuporous condition and passes gradually into the last stage, that of 
coma. 

(c) The coma becomes deeper and deeper, and is attended by vari- 
ous neurologic signs in many instances. The papillar}'- and corneal 
reflexes graduall}’- disappear. Signs of cortical irritation, such as 
muscular rigidity, clonic convulsions, tonic contractures and trismus, 
may present themselves. Paralytic involvement of muscular groups, 
especially around the arms and shoulders, occasional^ occurs. As the 
coma grows deeper, there may be a general flaccidity of all muscles, 
followed b}’^ paralysis of the sphincters. From 24 to 100 hours after 
the onset of the coma, death occurs in profound unconsciousness, 
heralded at first by small rapid respirations, which later change to the 
Cheyne-Stokes type. As a lule, signs of cerebral compression are absent 
from the clinical picture. 

The onset of coma and the fatal result are referable directly to the 
fat emboli which literally perr^ade all parts of the central nervous sys- 
tem, especially the brain. The fat entering the cerebral vessels is 
broken up into small emboli and is lodged in the precapillary and 
capillary vessels of the cortex and white matter. It is not known 
whether the brain is involved by a single invasion of emboli or whether 
separate invasions occur from time to time. In either event the blockino- 



446 


ARCHIVES OF SURGERl- 


of the vessels by the globules causes distinct lesions of the brain sub- 
stance, which are grossly and microscopically evident. 

Macroscopic examination of the brain, as recorded by Groendahl,='' 
Gauss,^ Melchior,®^ Weimann ®" and others, discloses a varying grade of 
congestion of the brain substance, with numerous small petechial hemor- 
rhages pervading the white matter of the brain and cord, especially the 
region of the centrum ovale in the vault of the cerebrum. The hemor- 
rhages are the size of a pinhead, are usually grouped in colonies of 
from four to twelve and literally pepper the brain substance. 
Weimann claimed that they may be so thick as to be almost confluent. 

Under the microscoj^e fat emboli can be demonstrated in arterioles 
and capillaries in all parts of the central nervous system including the 
cord, ganglions, membranes and choroid plexus. The most serious 
involvement takes place in the white and gray matter of the brain. 

The gray matter is invaded the earliest and the most profusely by the 
emboli. Very few lesions can be demonstrated, however, as the capillary 
anastomoses are so extensive that the nutrition of the tissue is rarely 
impaired under normal conditions. The most that can be seen is the 
emboli filling the arterioles as sausage-shaped globules or as spherical 
bodies arranged in rows like beads. As Buerger noted, it is only 
in brains already damaged by syphilis or by chronic alcoholism that 
definite lesions of the gray matter can be observed. 

In the white matter the situation is different. The arterioles are 
end-vessels which branch in a dendritic fashion, and which communi- 
cate by scant capillary anastomoses. The embolus obstructing such a 
vessel effectively impairs the nutrition of the tissue that it supplies, 
and degenerative changes occur. Some of these changes result in 
petechial hemorrhages, and others appear as peculiar anemic areas of 
necrosis termed “rarefied areas.” 

The majority of investigators believe that the hemorrhages aie 
minute infarcts caused by fat emboli in the cerebral arterioles, though 
there are differences of opinion concerning the exact method of produc 
tion. Frauendorfer attributed the hemorrhages to rhexis of the 
vessel Avail b}^ pressure from the embolus. Groendahl belieA’ed that the 
blood is extravasated from the capillaries in the healthy tissue surround 
ing the area of necrosis. Weimann ®" remarked, hoAVCA’^er, that it is 
not possible to tell just how much these various mechanisms ma\ operate 
in every'- instance. 

61. Melchior; Mitt. a. d. Grenzgeb. d. Med. u. Chir. 38 : 178 , 1924-1923. 

62. Weimann, Waldemar: Deutsche Ztschr. f. d. ges. gerichtl. Me 
(Feb.) 1929. 

63. Buerger, L. : Med. Klin. 11:996 (Sept. 5) 1915. 



VANCE— FAT EMBOLISM 


447 


Toenniessen was the only writer to offer another explanation for 
the production of the petechial hemorrhages. He said that they are 
not the result of emboli in the cerebral vessels, but are referable to a 
marked pulmonary fat embolism which causes back pressure in the 
superior vena cava and consequent rupture of the minute blood vessels 
in the brain. It is probable that a few hemorrhages may be produced 
in this fashion, but in most instances this mechanism is not important. 

On microscopic examination a cross-section of the early stages 
of the petechial hemorrhages shows a fat embolus filling a small 
arteriole, while around the vessel is a circular zone of necrotic brain 
tissue and around this a circular zone of extravasated red blood cells. 
From this appearance the name of ring hemorrhage has been applied to 
the lesion. Longitudinal sections of such a vessel show that the part 
of the arteriole that is distal to the embolus is capped by a conical 
covering of necrotic tissue surrounded, in turn, by the layer of red 
blood cells. The lesion is, in fact, a microscopic hemorrhagic infarct, 
and the extravasated blood is probably derived from the capillaries 
immediately surrounding the necrotic area, as Groendahl has already 
mentioned. 

Later the processes of inflammation and repair occur. Inflammatory 
cells like leukocytes and lymphocytes invade the necrotic tissue; the 
ganglion cells and axis cylindei's disintegrate; hyaline bodies, amyloid 
bodies and hemosiderin granules make their appearance. Finally large 
cells of glial origin appear. The end-result of the process is the removal 
of the embolus and the formation of a scar. This was observed in 
experimental animals by Paul and Windholz ““ but it has not been fully 
described in human tissues. 

In some instances the fat emboli in arterioles supplying a portion 
of the- brain substance cause areas of necrosis without hemorrhage, 
which have been termed "rarefied areas.” As a rule, they are minute, 
irregularly ovoid and, in the early stages, translucent and meshlike. The 
blood vessels in the immediate surroundings are filled with fat emboli. 
Apparently the process is a sudden and intense destruction of the medul- 
iary sheaths due to anemic necrosis, with preservation of the axis 
cylinders, while at the same time lymphatic fluid pours in from the 
surrounding tissues and widens the meshes. Later the process of repair 
sets in and glial cells tend to fill in the spaces. The absence of a hemor- 
rhagic zone around this lesion is probably due to the fact that the 
capillaries in the surrounding healthy tissue are blocked off from the 
necrotic zone by the embolism and so blood is not extravasated. The 
lesion is in reality a minute anemic infarct of the brain. 

64. Toenniessen, Otto; Miinchen. med. Wchnschr. 68:1280 (Oct. 7) 1921. 
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Kidney . — The kidneys are involved almost invariably in cases of 
systemic fat embolism though they fail to show characteristic clianges 
on microscopic examination. The principal lesion consists of large 
snakehke or pretzel-like emboli filling the capillary coils of the glomeruli. 
I hey occur less often in the vasa aiferentia. 

Other changes occur less consistently, and there is considerable doubt 
whether they are due to the emboli or to other processes. Occasionally 
fine fatty granules fill the cytoplasm of the epithelial cells of the convo- 
luted tubules ; these were attributed by Groendahl to the curtailment 
of the blood supply by the fat plug in the glomeruli, and by Scriba-*^ 
and Buerger to toxic action initiated by the embolism. Buerger 
described small hemorrhages in the kidney substance and thrombus 
formation and necrosis around the embolus which he also attributed to 
the action of toxic products set free by saponification of the embolus. 

Several investigators have expressed the belief that the presence of 
fat emboli in the kidne}'^ will cause uremic symptoms and anuria. Busse ® 
described a case of anuria that was complete for about forty-eight 
hours prior to death. Paul and Windholz claimed that in their case 
uremia, albuminuria, urinary casts and a gangrenous enteritis of uremic 
origin developed. Others, including Groendahl,®* doubted that fat 
embolism can produce such extreme manifestations because the emboli 
do not involve all the glomeruli. The experiments of Paul and Wind- 
holz and of Flick and Traum indicated, however, that a certain degree 
of interference with the excretory function of the kidneys can be caused 
by the glomerular lesions. It is probable that in a patient whose kidneys 
are already diseased, the embolic process may cause uremia or anuria to 
develop, though it might not harm a like effect on comparatively normal 
organs. 

Lipuria, or fat in the urine, has been described in many cases by 
Scriba *® and others. There is considerable divergence of opinion con- 
cerning the way in which the fat is excreted. Scriba regarded it as a 
filtration into Bowman’s capsule through the intact vessel wall. 
Ribbert®^ said that the fat ruptures the glomeruli and thus gains 
access to the tubules, or it appears as the result of secondary degenera- 
tion and destruction of the tubular epithelium. Some observers, inclu 
ing Scriba,*® consider the excretion through the kidne} s one of t le 
most important ways of getting rid of the intraA^^ascular fat, otiers, 
including Groendahl,®* regard it as a process of minoi importance an 
claim that fat cannot be demonstrated in the lumen of the tu 3U es 
cases of fat embolism. At the present time, howeier, lipuria is 
by some to be a certain diagnostic sign of fat embolism, e\en s, 
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the details of the process are still a trifle obscure. Its true significance 
can be determined only by future investigations. 

Heart . — In systemic fat embolism the heart is invaded rather fre- 
quently and on macroscopic examination shows numerous streaky 
hemorrhages, from 1 to 3 mm. in diameter, in the ventricular muscle. 
At times the larger hemorrhages contain a yellowish-white centrum 
in the midst of the dark red streak. Under the microscope the arterio'es 
and capillaries are seen to be filled with sausage-shaped emboli, and on 
occasion the peculiar ladder-like anastomoses of the myocardial capil- 
laries can be demonstrated. 

The adjacent muscle fibers are peppered with minute fat granules 
and are smaller than the normal fibers. Numerous red blood cells sur- 
round the emboli and infiltrate between the fibers. The lesion is a true 
hemorrhagic infarct of minute size. Permanent scars due to this process 
have not been described, however. 

When the emboli appear in large numbers the cardiac muscle is 
probably weakened, as Colley suggested, but it is difficult to estimate 
their influence on the clinical symptomatology. Similar lesions in the 
skeletal muscles have been described by Warthin.-^ 

Skin and Mncons Membranes . — The skin of the upper part of the 
chest, the shoulders and the anterior part of the neck are frequently 
peppered with small dark red petechial hemorrhages, the size of a pin 
head, and usually gathered in groups of from four to twelve, which 
make their appeai'ance about the time the patient lapses into stupor. 
These changes are referable to a fat embolism of the arterioles of the 
dermis, which in some way causes an extravasation of red blood cells 
around the affected vessel. The process is comparable to similar lesions 
in the heart and brain. When the hemorrhages are discovered during 
life they are an excellent aid in diagnosis, as in the cases described by 
Groendahl and others. After a lapse of several days they tend to 
disappear. Similar petechial hemorrhages have been noted on the con- 
junctivae by Busch® and Frauendorfer,’^’- on the soft palate by Wilke 
and in the gastro-intestinal tract and bladder by Naville and Fromberg.®® 
As a rule, these petechiae do not produce permanent lesions. Schridde 
described multiple small erosions of the mucous membrane of the stom- 
ach, u'hich he attributed to fat emboli. 

Liver . — On macroscopic examination the liver does not show any 
noteworthy changes. Microscopic examination discloses fat emboli in 
the capillaries and occasionally fatty granules in adjacent parenchyma 
cells and Kupffer’s star-shaped cells. Clinically there are no symptoms 

68. Wilke; Munchen. med. Wchnschr. 60:1970 (Sept. 2) 1913. 

69. Naville and Fromberg (footnote 60, first reference). 

70. Schridde: A^’erhandl. d. deutsch. path. Gesellsch, 11:234, 1907. 
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that can be referred to this embolism of the liver, though the experi- 
mental work of Paul and Windholz indicated that the glycogen 
metabolism shows some disturbance. 

The spleen shows fat emboli in the outer rim of the splenic follicle, 
but the parench3^ma of the organ is not damaged, as a rule. 

The suprarenals, pancreas and thyroid contain fat emboli, but aside 
from the presence of fat granules in the adjacent parench3ina cells and 
occasional extravasations of red blood cells, few other changes have 
been described. 

In systemic fat embolism the lungs show the lesions that have already 
been described under pulmonary' fat embolism. 

Two examples of sy'stemic fat embolism rvere encountered among 
the routine necropsies. 


Case 6. — A white woman, aged 65, was struck by an automobile; the shafts 
of the right femur, right radius and right ulna were fractured. She was admitted 
to a hospital in coma, and remained so until her death two days later. A more 
detailed history of her clinical course could not be obtained. 

Necropsy disclosed the fractures of the extremities already mentioned, and in 
addition, lacerations of the left side of the forehead. There was also a short 
fracture of the left anterior fossa of the skull. The brain was not lacerated, but 
showed numerous petechial hemorrhages grouped in colonies of from four to 
ten, scattered throughout the white but not the gray matter. 

The m 3 'Ocardium showed a moderate grade of brown atrophy and was per- 
meated by numerous streaky hemorrhages, from 2 to 4 mm. in diameter. There 
was a small circular opening, 3 mm. in diameter, in the fossa ovalis allowing free 
communication between the right and left auricles. 

The lungs were congested, well aerated and normal aside from a small amount 
of atelectasis posteriorly. The other organs were normal. Petechial hemorrhages 
could not be found on the skin. 

Microscopic examination disclosed a widespread s 3 'stemic fat embolism. s 
the histologic features were similar to those in case 7, the description uill e 
given later. 

Case 7.~A strongly built white man, aged 65, was struck by an automobile 
and admitted to the hospital in coma. A severe contusion of the right 
Pott’s fracture of the right fibula and compound comminuted fractures ° 
lower end of the left tibia and fibula were found. Blood was noted 
the nose and the left ear canal. A lumbar puncture revealed b oo m le 
fluid. A tentative diagnosis of fracture of the skull was ma e rom lese 


On admission to the hospital the blood pressure was j’ 
diastolic. Si.x hours later it dropped to 94 s 3 'stohc and 5 las o ic. . 
the brain was suspected, but a satisfactory neuro ogic eNarnma i 
made because of the condition of the patient. He remained in coma uhile 

hospital and died two days and eight hours j external 

Necropsy disclosed a strongly built man, age , ° pemorrhages 

injuries already described. In addition there ere numer ^ . groups of 

of the front part of the chest, neck and ^houHers^;^these^occur«^^^^ 
from four to twelve. Similar hemorrhages r\ere 



VANCE— FAT EMBOLISM 


451 


The skull showed a linear fracture in the left middle fossa which, however, 
was not attended by a laceration of the brain or any other intracranial injury. 
There were numerous petechial hemorrhages, the size of a pinhead, scattered in 
groups through the white matter of the brain, especially in the vertex of the 
cerebral hemisphere. There was none present in the gray matter. The cerebral 
arteries were slightly sclerotic. 

The heart showed a slight hypertrophy and coronary arteriosclerosis. The 
myocardium was permeated by ovoid and flamelike hemorrhages, from 1 to 3 
mm. in diameter. It is significant that a foramen ovale or other communication 
between the right and left sides of the heart was not present. 



Fig. 2 (case 7). — Fat emboli in the glomeruli of the kidney. Osmic acid stain. 


The lungs were heavy and voluminous but showed mainly congestion and 
edema. 

The kidne 3 "s were normal, aside from a moderate grade of arteriosclerotic 
change. 

On microscopic examination a widespread fat embolism of the lungs, brain 
and other organs was disclosed. The arterioles and capillaries of the lungs were 
filled with numerous fat plugs, which outlined the alveoli in manj'^ places. 

The kidneys showed the characteristic snakelike and pretzel-like emboli in the 
glomerular coils, but no other noteworthj" changes (fig. 2). 
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The myocardium disclosed numerous ovoid fat emboli in the arterioles and 
even in the capillaries, showing anastomoses in places. There was fatty degenera- 
tion and atrophy of the fibers immediately adjacent to the emboli and also hemor- 
rhage between the muscle fibers. Some of these areas of embolism and 
degeneration were large. 

The lesions in the brain were the most characteristic. Numerous ring hemor- 
rhages and areas of rarefaction were found in the white matter adjacent to the 
fat emboli. In the gray matter numerous emboli were present in the arterioles, 
but lesions of the brain tissue were noted only occasionally (figs. 3 and 4). 
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Fig. 3 (case 6) .-Typical ring hemorrhage in brain, showing a 
an arteriole surrounded by a zone of necrotic brain tissue and red blood cells. 

Osmic acid stain. 

These eases illustrate the difficulty of diagnosis whenever mjuncs 
to the head and fractures of the long bones i„ 

patient. The fact that both patients were admitte ^ 

coma and remained in coma as the resut o t ie ra 
obscured the typical clinical history of the cerebral fat cinbohs, 

developed later. 
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The absence of a patent foramen ovale or other communication 
between the right and left sides of the heart in case 7 is impoitant in 
indicating that a systemic fat embolism can develop in the absence of any 
such opening. 

Two cases described previously in a former report illustrated the 
t 3 ^pical history of the cerebral fat embolism. One (case 8) was in a man, 
aged 25, who sustained a fracture of the right femur in an automobile 



Fig. 4 (case 6). — Area of rarefaction in brain, with fat emboli in surrounding 
vessels. Osmic acid stain. 


accident and lapsed gradually into coma about thirty hours after the 
injury. He died in coma six days and six hours following the trauma. 
In the other instance (case 9) a woman, aged 45, sustained a fracture 
of the right tibia and fibula in an automobile accident: two days later 
she lapsed into coma and died in coma four da 3 -s later. In both cases 
petechial hemorrhages appeared on the skin of the upper part of the 
chest about the time that stupor developed, and they were still evident at 
the time of necropsy. Ring hemorrhages and areas of rarefaction were 
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present in the brain with numerous fat emboli in the vessels. These 
lesions showed the invasion of glial cells into the necrotic zones of 
brain tissue and attempts at repair (fig. 5). There were also fat emboli 
in the lungs, myocardium and kidneys which, however, were not 
obviously different from others already noted. 

THE DIAGNOSIS AND TREATMENT OF FAT EMBOLISM 
The majority of cases of fat embolism are so slight that they do 
not cause symptoms, or so severe that death results in a few days from 












Fig. 5 (case 8).— Glial cells in an old ring hemorrhage. HematoMlm 
eosin stain. 

involvement of the lungs or the brain. A few, 
reported in patients who after an injury gave a c mica pic 
the pulmonary or the cerebral form of this condition u 

''Tuvo cases the diagnosis of pulmonary fat embolism was^majc. 
Field described a case in which a patient who had suftered ^ 

71. Field, Merton: Fat Embolism from a Chrome Osteom>eit 
59:2065 (Dec. 7) 1912. 
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years from chronic osteomyelitis of the leg, one day inflicted an insignifi- 
cant trauma on the diseased bone ; after this a sudden attack of dyspnea 
developed and gross fat appeared in the urine. The patient recovered 
and the diagnosis of fat embolism was made from the clinical picture. 
In the case of Koch,®^ sterile human fat was injected into an old scar 
on the neck, and a few hours later the patient was seized with a severe 
but transient attack of shortness of breath. Koch attributed these symp- 
toms to the fact that the fat was accidentally injected into a small vein 
and thus reached the blood vessels of the lungs. The diagnoses in both 
cases were probably correct, but of course there was no method by 
which thev could be verified with certaintj^ and the sj-mptoms may have 
been due to other causes. 

Other cases were described as examples of S3’-stemic fat embolism by 
Busse,® Bernhardt,"- Wilms,"® Benestadt "■* and Oppenheimer."® Each 
patient had sustained fractures of the long bones, and after an interval 
a slight stupor developed from which they recovered. In the cases of 
Busse ® and Wilms the diagnosis was made on these sjunptoms alone. 
Bernhardt "- and Oppenheimer "® claimed that they could detect the fat 
in the retinal arteries as ovoid globules, by use of the ophthalmoscope. 
The three cases of Benestadt "■• showed petechial hemorrhages in the 
skin of the shoulders and chest which gradually disappeared in a few 
days. 

During life the diagnosis of fat embolism is justified only if there 
is a definite history of injury, and a characteristic clinical picture of 
either the pulmonary or the systemic type. Additional confirmator)'' 
signs are the presence of fat in the urine, the demonstration of fat 
emboli in the retinal vessels by the ophthalmoscope, and the appearance 
of the characteristic petechial hemorrhages in the skin of the upper 
part of the chest and shoulders. The discovery of large circular cells 
containing fat granules in the sputum, as noted by Elting and Martin,®® 
and in the spinal fluid, as noted by Buerger,®® is not a valuable diagnostic 
indication as the same changes can occur in other conditions than fat 
embolism. 

As a rule, fat embolism is rarely diagnosed from clinical signs and 
symptoms ; it is most often discovered accidentally at necropsy. 

The differential diagnosis between cerebral fat embolism and intra- 
cranial hemorrhage complicating fracture of the skull has presented 
itself in one instance at least. As reported b}'- Tobler,"® a man, aged 64, 

72. Bernhardt, Friedrich; Miinchen. med. Wchnschr. 7^:1590 (Sept. 18) 1925. 

73. Wilms: Semaine med. 30:138 (March 23) 1910. 

74. Benestadt, George: Deutsche Ztschr. f. Chir. 112:194 (Oct.) 1911. 

75. Oppenheimer, H. : Klin. Wchnschr. 8:24 (Jan. 1) 1929. 

76. Tobler, J. : Schweiz, med. Wchnschr. 3:452 (]\Iay 11) 1922. 
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was run over by a wagon and his right tibia fractured. On the second 
day after the accident he became stuporous and gradually lapsed into 
coma. A craniotomy was performed under the impression that he had 
a fracture of the skull with a complicating intracranial hemorrhage. No 
hemorrhage was found, and the patient died in deep coma on the fourth 
day after the trauma. Necropsy showed a marked cerebral fat embo- 
lism, but neither a fracture of the skull nor an intracranial hemorrhage. 

It can readily be seen how the two conditions might be confus'ed 
clinically under some circumstances. In a patient with a head injury 
and a fracture of a long bone of one of the extremities, a gradual 
lapse into coma might indicate an increasing intracranial hemorrhage, 
or a severe cerebral fat embolism. In typical cases the two would never 
be mistaken, as the intracranial hemorrhage is mo.st often attended by 
signs of cerebral compression and definite neurologic signs referable 
to the site of the lesion. On the other hand, these S3mdromes are 
absent in cases of cerebral fat embolism, and lipuria, petechial hemor- 
rhages of the upper part of the chest, and an ophthalmologic demon- 
stration of the emboli in the retinal vessels may aid in establishing the 
diagnosis. Unfortunately, cases are not always typical, and often it is 
not possible to make the diagnosis during life. 

The best treatment for fat embolism is to prevent its occurrence. 
In cases of fractures, effective immobilization of the broken bones is 
the most efficient means of lessening the absorption of the fat into the 
venous circulation. After the processes of repair have set in, the danger 
of this is past. In orthopedic cases, operations are performed by 
preference on patients whose marrow is cellular and not fatty, and an 
Esmarch bandage is used in an attempt to obviate the passage of an 
excessive amount of fat into the systemic veins from the operative site. 
Reiner suggested that S3^stematic tapping of the veins proximal to 
the fracture and distal to the Esmarch bandage would materially reduce 
the quantity of fat that reached the lungs, but there is no evidence that 


this method is at all effective. 

Other therapeutic measures advised b3'’ different invcstigatoi s are 
not of much practical value. The idea of Wegelin,'''' that an intiavenous 
injection of sodium carbonate hastens removal of the emboli U 
cation, does not promise to be effective. The theor3'’ of Wilms, t n 
drainage of the thoracic duct lessens the amount of fat embolism in 
pulmonary vessels, is based on the false conception that fat is trans^ 
ported from the site of injury by the lymphatic vessels. s a tiera 
peutic procedure it would be practical^ useless. 

As a rule, when the fat has entered the blood stream, 
must be left to the natural defenses of the body and only symp 
treatment can be applied. 


77. Reiner; Miinchen. med. Wchnschr. 54:2004 (Oct. 1) V07 
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FAT EMBOLISM IN ANIMAL EXPERIMENTS 

Much of the information concerning fat embolism has been acquired 
through experiments on animals, so that in order to gain an adequate 
conception of the subject it is necessary to review briefly the work in 
this field. 

The eai'ly experiments were concerned mainly with the discovery that 
a viscous oil, like olive oil, when injected into the vein of an animal, 
produced death in a few minutes from asphyxia and edema of the lungs. 
Majendie recorded the results of such an investigation about 1832. 
Over twent}^ years later Virchow’^® repeated tbe same experiment and- 
in addition demonstrated typical fat emboli in the pulmonaiy arterioles 
and capillaries, which he believed were responsible for the death of the 
animal. 

Busch ® contributed an important addition to the general knowledge 
of the subject when he demonstrated that injuries to the adipose tissue 
in the skeleton resulted in a definite fat embolism in the lungs. He 
made a trephine opening in the tibia of a rabbit, traumatized the fatty 
marrow of the shaft with a sound and produced characteristic fat emboli 
* in the pulmonary vessels. He also showed that if olive oil colored by 
cinnabar was injected through such a trephine opening into the medul- 
lary cavity of the tibia, three significant phenomena were noted : 
1. The haversian canals of the bone into which the injection was made 
were stained heavily by the cinnabar, indicating that the colored olive 
oil had been absorbed into the haversian veins. 2. Numerous cinnabar- 
colored fat emboli were found in the lungs ; this was additional evidence 
that they were derived from the fat in the bone marrow. 3. If the 
inferior vena cava was canalized just prior to the injection, cinnabar- 
stained oil globules would flow from the canalized vein immediately 
after the injection; this pointed to the fact that the absorption of the 
fat from the bone was rapid and that its transportation to the lungs was 
swift. 

Much more recently the experiments of Fritzsche,®® Schultze,^® and 
Caldwell and Huber furnished additional verification that fat is 
rapidly absorbed from a fracture of the shafts of the long bones. 
Schultze fractured the tibia of his animals and then canalized the main 
venous trunk of that extremity. The primary fracture caused only a 
few droplets of fat to pass through the cannula, but any further trauma 
to the area of injury, such as light blows, movement of the bones or a 
sudden ecchymosis in the affected part, caused a large number of oil 

78. I\Iajendie, quoted by Scriba (footnote 43). 

79. Virchow, Rudolph: Virchows Arch, f. path. Anat. 5:308, 1853. 

80. Fritzsche, E. : Deutsche Ztschr. f. Chir. 107:456, 1910. 

81. Caldwell, George T., and Huber, Harrv L. : Surg. Gynec. Obst 25- 650 
(Dec.) 1917. 
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globules to enter the vein. He believed that the natural aspirating 
force of the torn haversian veins allowed the fat to gain entrance to the 
circulation, and that a lise of pressure in the area of fracture from 
hemorrhage, muscular spasms and the like would serve to increase the 
amount of fat absorbed to a dangerous degree. His experiments con- 
firmed and supplemented the observations of Siegmund ® and Sutton “ 
on clinical cases. 

Caldwell and Huber also produced pulmonary fat embolism by 
fracturing the tibia of rabbits. They claimed that if an Esmarch 
, bandage was bound around the extremity proximal to the iracture and 
retained in position for two hours, the number of the emboli in the 
lungs would be much less than if the Esmarch bandage was not used. 
These observers explained their results by the fact that the two hour 
application of the bandage preA^ented a large absorption of fat until the 
processes of repair had closed the ruptured veins at the site of fracture. 

The experiment of Ribbert seemed to .indicate that fat embolism 
could be produced by trauma to the skeleton without actual fracture of 
the bones. He anesthetized a rabbit, struck the shaft of the tibia 
repeated light blows Avith a rod and later demonstrated fat emboli in the ' 
lungs. He did not describe any lesions in the bones or bone marrow, 
but attributed his results to the jarring force that he inflicted on the 
bone with the rod. Fritzsche and Schultze duplicated this experi- 
ment, and considered that the emboli could be caused in this manner. 
In fact, Fritzsche claimed that a slight grade of fat embolism is found 
normally in rabbits because of the propensity of the animals to thrash 
around in their cages. Similarly, McKibben described fat embolism 
in normal cats. Schultze offered the explanation that the Jarring of 
the bones tears small veins and ruptures small groups of fat cells at 
their attachment to the firm bony'^ trabeculae, Avith the production of 
numerous minute hemorrhages in the bone marrow and a consequent rise 
of intra-osseous pressure. The mechanism for absorption of fat into 
the blood is thus proAuded and an embolism results. 

A few investigators haA^e belieA'^ed that a lipemic condition of tie 
blood can be a potent etiologic factor in the production of fat embolism. 
In lipemia, such as occurs during digestion, fat is present in the bloo m 
the form of an emulsion so finely^ divided that it passes readily t 
the finer capillaries and, under normal conditions, rarely coalesces 
globules large enough to cause Avascular obstruction. • 

howeA'^er, that he produced pulmonary fat emboli in rabbits . 

lipemia from the excessiA^e ingestion of cod liAer oi . 

82. Ribbert (footnote 10, first reference). 
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Lehman and Moore *■’ produced lipemia in dogs by feeding them cream, 
and then gave the animals ether, either intravenously or by inhalation. 
On postmortem examination fat emboli were found in the lungs in con- 
siderable numbers, while control animals whose blood was not lipemic 
did not show analogous changes. They believed that the ether acted as a 
deemulsifying agent by precipitating fat from the blood serum in 
globules large enough to plug the vessels. 

Markowitz and Mann,®® in their experiments on dogs, claimed that 
they produced histologic pictures resembling fat embolism in the lungs 
by the intravenous injection of finely divided fat emulsions. No 
explanation was given for the precipitation of the fat from this 
emulsified form into the larger globules in the blood. 

At present it is too early to speak with any authority on the possi- 
bility of fat emboli arising from lipemia, but it is not probable that this 
condition is an important etiologic factor in human beings. 

The transportation of the liquid fat from the site of injury to the 
pulmonary arterioles and capillaries is primarily through the venous 
circulation by the direct route, as the experiments of Busch ® and 
Schultze have indicated. Some investigators, among whom are 
Busch, Wiener,®' Riedel ®® and Fritzsche ®® have suggested that some 
of the fat is absorbed by torn lymphatic vessels and carried to the 
thoracic duct and eventually discharged into the venous circulation. 
After a lapse of twenty-four hours, a severe pulmonary fat embolism 
will be caused, according to Fritzsche. This investigator claimed that 
in his experiments on rabbits and dogs, ligation of the venous trunks 
draining the extremity on which a fracture had been inflicted could not 
keep the emboli from the pulmonaiy vessels, but that ligation of the 
thoracic duct inhibited their occurrence. Fritzsche’s theory was that 
fat so absorbed had the power to pass unchanged through the lymph 
nodes in its route to the thoracic duct. 

In recent years, the evidence is that very little fat is absorbed by 
the lymphatics at the site of injury, and that it is subjected to l3dic 
. changes in its progress through the adjacent lymph nodes. The experi- 
ments recorded by Wegelin showed that olive oil injected into rabbits 
subcutaneously, intrapleurally and intraperitoneally gives rise to a few 
emboli in the lungs, and that most of the oil is found in the nearest 
lymph nodes in a state of saponification. According to Wegelin, the 
lymphatic tissues are strongly lipolytic, and fat is not likely to pass 
through them intact. In any event, it is dubious that liquid fat in 

85. Lehman, E. R, and IMoore, R. M. : Fat Embolism Including Experimental 
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appreciable amount is conveyed from the injured area by the lymphatic 
vesseJs, and it is certain that the venous circulation is the only important 
channel in the production of the pulmonary form of embolism. 

In its passage thiough the pulmonary arteries or other vessels the 
fat tends to break up into smaller and smaller globules as the emboli 
reach the finer and finer ramifications. As Fuchsig®® noted in a fat 
embolism induced in the mesentery of the frog, the emboli divide into 
smaller globules which enter the capillary network in single file. Investi- 
gation of the lungs microscopically suggests that some such pi'ocess 
takes place here. Apparently the distribution of the fat throughout the 
lungs is uniform for the most part. The theory of Kretz that fat 
emboli entering the blood through tributaries of the superior vena cava 
involve mainly the upper lobes and that emboli entering in tributaries 
of the inferior vena cava involve mostly the lower lobes is not con- 
sidered tenable. Wegelin noted that in any one case of fat embolism 
all parts of the lungs show practically the same proportion of emboli. 

The effect of fat embolism on the organism has been the subject 
of much experimental study. -It is evident from the results recorded 
that many factors influence the reaction of the animal to the injected 
mass. If it is given rapidly in large amounts into the jugular vein, as 
was recorded in the experiments of Virchow,'® death occurs in a few 
minutes from asphyxia. If, however, the oil is injected slowly into 
a smaller venous trunk, larger quantities can be given before the ani- 
mal shows signs of respiratory distress, as Wegelin mentioned. Paul 
and Windholz declared that by injecting large intravenous doses 
of oil in carefully graduated amounts at selected intervals they were 
able to create a tolerance for fat embolism in their animals. One that 
had been carefully prepared in this fashion could withstand comfortably 
the injection of an amount of oil sufficient to cause the death of an 
animal not similarly treated. 

One effect of oil injected intravenously is to lowei blood 
as was made manifest in the work of Sinionds,®^ Wiggers 
Porter.®® The widespread embolism obstructs the passage of blooc 
through the pulmonary circulation into the systemic circulation, 
the volume of fluid in the arterial trunks, and seriousl}^ inte^ eies 
the strength of the heart beat because of the^ interference wi 
oxygenation in the pulmonary'^ vessels. The arterial pressure 
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quently decreases in a suggestive of shock induced by trauma. 

In fact, the similarity between the two conditions in this respect inspired 
the three investigators mentioned to see what connection might exist 
between traumatic shock and fat embolism. 

As described by Cannon,®'* traumatic shock occurs shortly after 
severe wounds and is manifested by a general collapse of the organism, 
with lowered blood pressure, a rapid weak pulse and respirations, a low 
temperature, increased viscosity of the blood, signs of acidosis and 
similar symptoms, often severe enough to result in death. All these 
symptoms are referable to a stagnation and retention of the blood in 
the capillary bed of the body and an inability of the circulatory mecha- 
nism to force the blood properly through the vessels and oxygenate 
it sufficiently. The end-result is therefore a deficient interchange of 
oxygen, not only in the lungs but also in various organs elsewhere, with 
consequent damage to the injured person. It is evident that traumatic 
shock is composed of a number of different phenomena and that the 
knowledge of its etiology is as yet incomplete. From the results of 
observations and experiments, it seems probable that shock is a condition 
totally distinct from fat embolism, but that in occasional instances many 
of the symptoms referable to shock may be the result of an association 
with the latter condition. 

The experiments of Gold and Loeffler indicated the effects of an 
artificially induced fat embolism on an artificiall}'^ induced traumatic 
shock in cats. Their cats were separated into two series : ( 1 ) normal 
animals used as controls, and (2) cats in which shock was produced 
either by traumatizing the intestines or by compressing the inferior 
vena cava near the liver. Liquid fat was injected intravenously into 
both series of animals. The control animals showed merely signs of a 
pulmonary fat embolism, with asphyxia, dyspnea and a slight decrease 
in blood pressure. The cats shocked by trauma exhibited a low blood 
pressure before the injection of oil, but if kept undisturbed usually 
returned to a normal state. The intravenous injection of oil in an 
amount that would scarcely affect a control animal had a deleterious 
effect on the shocked animal, for the blood pressure remained low and 
the symptoms of shock were unduly prolonged. Gold and Loeffler 
believed that fat embolism was distinct from traumatic shock but that 
it often occurred in association with the latter condition and merely 
enhanced the symptoms of vascular collapse alread}’- present. 

The experiments of Scriba,^® Reuter,®® Kojo,®® and Paul and Wind- 
holz®® proved that fat injected into a systemic vein could pass through 
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the pulmonary capillaries into the arterial circulation and be distributee! 
to the different organs. A large portion of the emboli centered them- 
selves in the brain. Scriba was of the opinion that the lesions in the 
brain alone could produce strdden death. Fuchsig®® and Porter"® 
observed a case in which rapidly fatal collapse occurred when an 
artificial fat embolism of the medulla was produced. The latter was 
prone to attribute the lethal cases of wound shock to this condition. 
Others, including Reuter,®^ believed, on the contrary, that fat emboli 
cause comparatively little damage to the central nervous S3'sterrr. Reuter 
claimed that in his experiments olive oil injected into the carotid arteries 
of a rabbit passed the cerebral capillaries as well as the pulmonaiy 
capillaries, and eventually was found in the lungs. He regarded the 
lungs as a natural filter of liquid fat from the blood, and as capable 
of harboring large numbers of emboli without difficulty. 

It was believed for a long time that liquid fat could be forced 
through the pulmonary capillaries into the arterial circulation and from 
the systemic capillaries back into the venous circulation. The process 
could be repeated until finalR the fat was absorbed from the blood; 
the name given to it Avas cyclic fat embolism. It is possible that this 
condition has been approximated in animal experiments for, as 
Wegeliii pointed out, different oils have different viscosities; olive 
oil, for instance, is much less viscous than human fat and therefore 
more capable of passing through the capillaries. It is difficult to con- 
ceive, however, of any cyclic phenomena of this kind occurring in human 


patholog}'’, especially in the fat embolism induced by trauma. 

In recent 3'^ears man}’' oils of low viscosity have been given 
intravenously as a therapeutic measure. The use of chaulmoogra oil 
in leprosy is Avell known and it apparently can be given in this manner 
without ill effects. Fischer,^® Leo ®" and Lepehne experimented with 
intraA'^enous injections of eucalyptol-menthol as an antiseptic agent in 
pulmonary tuberculosis and of camphor as a circulatory stimulant, but 
the solutions that they used appear to be irritative apart from AA’hateACi 


ill effects they may cause in the role of fat emboli. 

Fat emboli have a definite action on the systemic organs and cause 
the lesions that have already been described. Recently effect 0 
the embolism on the blood chemistry of animals Avas studie } 
and Windholz and by Flick and Traum.®® Paul and ^ylndho z pr - 
duced a nitrogen retention of a uremic type, and a marked i} pog } ce 
in the blood of rabbits by the intraA-enous injection 0 iqu> i ■ 
fat. They attributed these results to a Avidespread fat ^ 

the kidney and liver, respectively. In addition, the same investigator. 


97. Leo, H.; Deutsche med. Wchnschr. 48:155 (Feb. 2) 1922. 

98. Lepehne: Klin. Wchnschr. 1:670 (April 1) 
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described deposits of pigment in the spleen and fatty changes in the 
liver which thev considered due to hemoMic and toxic products pro- 
duced by saponification of the emboli. 

Flick and Traum.®® in a similar manner, injected dog fat intrave- 
nously into normal dogs and demonstrated that a nitrogen retention 
followed the embolism. 

Schultze suggested that in many instances fat absorbed from the 
fracture of a leg bone becomes adherent to the wall of the femoral 
vein and later undergoes saponification so that the intimal layer is 
irritated. A reactive inflammation is induced, and a bland thrombus 
may form in the vein. Just how far this process operates in thrombosis 
of the femoral veins following a fracture or other injur}' to the lower 
extremity is not well understood. 

The elimination of fat emboli from the system has been estimated 
as occurring in from eight to fourteen days, according to Reuter.”"' 
Gauss ^ listed four ways in which the intravascular fat can be removed 
from the body: (1) excretion by the kidney, (2) disposal by the liver, 
(3) removal by phagocytic endothelial cells and (4) solution of the 
embolus by a lipase either in the blood or in the tissues. 

The elimination of the fat by the kidney has already been discussed. 
As far as the liver is concerned, the experiment of Wuttig showed 
that the parenchyma cells and Kupffer cells in the immediate vicinity 
of the embolus are filled with fat droplets. He believed that the organ 
has the power of absorbing the fat from the blood vessels. It is 
probable, however, that phagocytosis by endothelial cells, as noted by 
Beneke ”” and others, and saponification by lipases, as mentioned by 
Paul and Windholz and by Wegelin,®” are the two most important 
methods of removing the intravascular fat. 

Lehman and iMcXattin described this phagoc^lic process around 
the experimental fat emboli in the lungs of dogs that had received 
intravenous injections of cotton seed oil. At first, large endothelial and 
giant cells appeared around the fatty plug, and later areas of pneumonia 
and scar tissue nodules developed as an after-effect of the embolism. 

Similar pictures have not been described in the experimental fat 
embolism of other organs, aside from a brief mention by Paul and 
IVindholz of small glial scars in the brains of animals. 

COMMENT .■\ND SUMMARY 

It is obvious that fat emboli frequently occur after trauma to fattv 
tissue, especially in the shafts of the long bones. In the majority of 

99. Beneke. R. ; Zieglers Beitr. z. path. Anat. 22:343. 1897. 

100. Lehman. E. P., and McXattin. R. F. : South. M. J. 22:201 (March) 1929. 



464 


ARCHIVES OF SURGERY 


cases the grade of embolism is slight, indicating that the protective 
mechanisms of the organism work with sufficient efficiency to prevent 
the absorption of fat into the blood stream in any considerable amount. 
Severe and fatal cases of fat embolism are exceptional. Table 2, in 
which fifty-nine cases of fractures of the bones of the extremities are 
analyzed, shows about 75 per cent positive for fat emboli and 25 per 
cent negative. Onty thi'ee cases, or approximately 5 per cent of the 
total number belonged to the fatal group. 

An analysis of the material indicated that fat emboli could be 
demonstiated in the pulmonary arterioles a few minutes after a frac- 
ture. The transportation from the site of injury to the lungs was 
rapid. The emboli could be found rather consistentlv in the lungs 
during the first seven da3^s after the trauma, but were discovered only 
occasionally after that period, as the}'^ were probably being removed 
from the circulation. The sections of the lungs and other oi'gans were 
searched for evidences of phagocytosis or other signs of removal of 
the emboli; however, aside from finding large spherical cells with fatty 
granules near the impacted globule, the results were negative. As these 
same cells were occasionally present in toxic conditions not associated 
with fat embolism, little significance was attached to their appearance. 

The positive results in the series of nontraumatic cases were only 
to be interpreted as an indication that in some way a small amount 
of fat had gained entrance to the circulation and formed emboli in the 
lungs. Probable exjolanations were that adipose tissue somewhere in 
the body had been slightly damaged from a convulsion or a fall, or that 
some oily substance like camphor had been injected into a subcutaneous 
vein by accident. In any event, the degree of the process was slight 
.and not of any impoi'tance clinicalty or pathologicall)'. Its chief signifi- 
cance lies in the implication that a slight grade of pulmonaiy fat 
embolism cannot be used as a positive confirmatory sign of tiauma. 
Given a fracture of a bone in the leg in a person found dead undei 
suspicious circumstances, unless other signs indicated that the riolcnce 
was inflicted during life, a few fat emboli in the lungs would be use ess 

as a criterion of intra vital injury. 

On the contrary, a severe grade of fat embolism, especial \ v 
some of the emboli have been forced from the pulmonar} 
systemic circulation, is a reliable indication of intra^ital trauma, 
definite injuiy is present and if one can exclude the onh ot icr 
the intravenous injection of an oily liquid in laige amounts. * 
last process is uncommon in human patholog} , it can je i^^no 


practical consideration. ,„-r.rf'?s-es 

Other alleged causes, such as burns, poisons, postmoi en ^ 
and lipemic conditions due to natural causes, are associate 
flight grades of fat embolism, and are not important. 
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It is also certain that severe fat embolism gives rise to two distinct 
clinical pictures associated with definite pathologic lesions: 1. The 
pulmonary type, which occurs in the first two days after the injury, is 
referable to a marked obstruction of the arterioles and capillaries of 
the lungs. The patients die as the result of asphyxial symptoms. 
2. The emboli may pass through the pulmonary capillaries into the 
systemic circulation, and cause definite lesions in the brain, heart and 
other organs. In such instances, death occurs in from two to seven 
days from the involvement of the central nervous system; for this 
reason, this type is known as the cerebral type. 

The clinical diagnosis of fat embolism is made onl)'^ occasionally 
Ijecause the complication is rare and because the symptoms may be 
attributed to some other condition in the bod}'. The asphyxial symp- 
toms of the pulmonary form may be confused with the terminal 
symptoms of an associated chronic disease of the heart and lungs. 
This may occur all the more readily because a pulmonary embolism of 
moderate grade can aggravate lesions of this type. 

The cerebral type is often overlooked, especially if an injury of the 
head is present, as the coma from the latter not only may obscure the 
typical clinical picture but, on occasion, may simulate it. This was seen 
in the case reported by Tobler,"® in which the patient’s lapse into 
unconsciousness was attributed to cerebral compression referable to a 
supposed epidural hemorrhage rather than to the widespread cerebral 
fat embolism that was actually present. 

The diagnosis during life is not easy and can be made only if the 
possibility of fat embolism is kept in mind, and if the symptoms and 
signs that suggest it are not overlooked. For this purpose, hard and 
fast rules cannot be formulated, but much must be left to the native 
astuteness of the individual diagnostician. 



NORMAL AND PATHOLOGIC REPAIR IN THE THYROID 

GLAND * 


NATHAN A. WOMACK, M.D. 
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WARREN H. COLE, jM.D. 

ST. LOUIS 

In the large accumulation of studies referable to the thyroid gland, 
the vast majority are concerned chiefly with pathologic states, the most 
common being goiter with its various t3’^pes and classifications. And yet 
not all goiters represent pathologic conditions. An enlargement of the 
thyroid gland is not an unusual event in the life of a person, especiall} 
in certain regions, and it often represents a physiologic response of the 
organ to certain stimuli. This gross change in the size of the gland is 
often associated with both chemical and microscopic changes. That 
increase in the activity of the thyroid gland is associated with an increase 
in the metaholism of the body is such a well known fact that it lequires 
but little comment. This has been shown not only by an increase in 
the body’s excretion of nitrogen, but by an increase in the consumption 
of oxygen. So definite is this that the level of the basal metabolism is 
often used as an index of thyroid activity. The cellular change seen m 
the gland may be both marked and varied. It may consist mere y o ^ 
change in the size and shape of the cells with an increase ■" «« 
chondria, or it may be so extensive, owing to hyperplasia and d sqnima 
tion of the parenchyma, that the normal arcliitectiire of ^ 
be lost. The cytology of the gland with special lefeieiice 

chondrial changes has been carefully studied by aej. . Opniaiid for 

So far as is known at present, the stimuli that P-te “ f 
an increase in the function of the thyroid gland are 

logically, such a demand occurs ‘"S^P'*_Ljetary deficie, ices have 
menstrual time and during pregnane) . ....jenn Webster and 

a marked effect, as has been shown by f Caii; 

Chesney ^ have produced goiter in rabbits by feeding cabbage 

* Submitted for Publication Dec. 11, University School of ^Rdi- 

=^-From the Department of Surgeri, Maslim^to 

cine, and Barnes Hospital. , Mitocliondria in Patliologic 

1. Key, J. A.: The Secretion Antecedents and -un 

Thyroids, Arch. Surg. Goitres New York, William Wood & 

2 McCarrison, Robert: The Simple Goitre^. 

Company, 1928. Etiology of Simple Goitre. 

3. Webster, B., and Chesney, A. -M-- 
Am. J. Path. 6:275 (May) 1930. 
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time ago we * showed that various tx'pes of infections and toxemias 
could produce these changes. More recently we demonstrated that 
hyperactivit}^ of the gland could be caused by the injection of certain 
drugs, notably the methylated purines and related substances.® Accord- 
ingly. we feel that various degrees of hypertrophy and hyperplasia of 
the thyroid gland with subsequent involution are extremely common. 
There are perhaps few organs in the animal body subject to more fre- 
quent and greater anatomic changes due to a transient increase in func- 
tion than is the thj’^roid. These changes may take place in a compara- 
tively short period of time. We have observed a marked transforma- 
tion in as short an interval as eighteen hours. It may be in the form 
of an intense desquamation of epithelium and loss of colloid, so that 
the thyroid may be difficult to recognize as such microscopically, or if 
the stimulus is not so great the changes will not be so great and will be 
those of hyperplasia instead. If the stimulus is milder still, one sees 
acini with columnar cells, vascular congestion and thin, poorly staining 
colloid along with other evidences of increased activity of the thyroid 
gland. When a slight increase in activity is demanded over a long 
period of time, the changes frequently produced resemble, perhaps more 
than any other, those of exophthalmic hyperplasia. Apparently the 
amount of change produced in the gland depends on the strength of the 
stimulus and the time it is at work and the amount of colloid or iodine 
that is present in the thyroid or that is easily available. Intense changes 
in the thyroid gland occurring during an infection can be almost com- 
pletely prevented by feeding the animal large doses of iodine. Likewise, 
we have found it more difficult to produce glandular changes in the 
summer when the thyroid is in a more complete resting phase and thus 
contains more iodine. 

Since it is possible to produce hyperplastic changes in the thyroid 
gland experimentally, and since it is likewise possible to cause an arti- 
ficial involution by the use of iodine or a natural involution by the with- 
drawal of the stimulus, it occurred to us that it would be of value to 
study the anatomic changes that occur in the gland by a repetition of 
this cycle. 

4. Cole. W. H.. and Womack. N. A.; Reaction of the Thyroid Gland to 
Infections in Other Parts of the Body, J. A. M. A. 92:453 (Feb. 91 1929. Cole, 
W. H. ; Womack. X. A., and Gray, S. H. : The Thyroid Gland in Infections and 
Toxemias: Pathological Changes in the Human Gland. Am. T. Surg. 6:221, 1929. 
Womack. X. .A..: Cole. W. H., and Heideman, A. G. : The Thyroid Gland in 
Infections: The Effect Upon tile Basal Metabolic Rate. Endocrinology 12:733 
1928. 

a. Cole. W. H. : Womack, X'. A., and Ellett. W. H. : The Production of 
Hyperplasia of the Thyroid Gland bv Chemical Means, .Arch. Surg. 22:926 (Tunel 
1931. 
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METHODS AND MATERIALS 

We used dogs in this experiment because of their accessibilit}^ the size of tlie 
thyroid in this animal and the fact that excess scarring in the gland of a normal 
dog is unusual. Although tumors 'do occasionally occur in dogs, in the vicinify 
of St. Louis they are usually definitely neoplastic in typt. As a control, the gland 
of each animal was inspected before the experiment was begun, and a small 
section was removed from the inferior pole of the right lobe for microscopic 
study. Those animals were discarded in which glands were not in the resting 
phase. The picture (fig. /A) of a thyroid gland without nodules, visible scarring 
and in a resting phase we took as normal. 

The amount of connective tissue in such a gland is noticeably less than that 
in the gland of an adult human being. The gland is surrounded by a rather thin 
capsule of areolar and fibrous connective tissue from which small trabeculae arisd 
and extend centrally. The gland is rarely divided into lobules, as is often seen in 
man, for usually the connective tissue is difficult to demonstrate e.xcept in the 
proximity of the capsule and around larger blood vessels. It is generally stated, 
however, that a delicate reticulum of connective tissue extends along the smaller 
capillaries surrounding each follicle and forms a stroma for the gland. We were 
unable to demonstrate such a reticulum of connective tissue completely, even with 
the use of special stains. However, it is an extremely delicate network. By the 
use of the van Gieson and Mallory stains, Key ^ was able to demonstrate such a 
reticulum in human glands. The location of this fibrous tissue is important for, 
as we shall attempt to show, an increase in connective tissue is often associated 
with considerable anatomic distortion of the gland. 

Hi'perplasia of the thyroid was produced by the production of infections, the 
injection of drugs, chiefly methylated purines, and the implantation of contami- 
nated foreign bodies over a long period of time. It is interesting to note that 
every acinus is not affected to the same degree during the production of hyper- 
plasia. In one area one mai^ see overwork to the point of cellular death while id 
an area closely adjoining there may be onl}' a mild amount of increased activity 
on the part of the cells. 

REPAIR 


Apparently the thyroid gland has a remarkable power of legenera- 
tion similar to that of parench 3 'matous organs such as the livei and the 
kidney. Cells that are injured beyond repair are desquamated into 
the lumen of the acinus and are speedily replaced by newly formed t i} 
roid cells. Figure 1 illustrates this method of repair. ^ It is interesting 
to note that within five days after fairly extensive injury an excess 
amount of regeneration takes place and these new cells in turn are ]}p 
active. This is probably the most common type of repair, and, as i 
is associated with little injury to the connective tissue or vascular injiii}, 


fibrosis is not a notable feature. . 

When an entire acinus is destroyed, it is doubtful 
replaced. Compensatory hyperplasia probably ta <es p ace m ' 

ing acini. A counterpart to this is seen in the 
entire lobule is destroyed, and in the kidney, when 
is injured: collapse of the supporting reticulum 



WOMACK-COLE— THYROID GLAXD 


469 




1 


Fig. 1. — A, section taken from the thjToid gland of a dog with a severe infection of the leg. 
Note the loss of colloid and the desquamation of the cells into the lumen of the acinus. In most 
of the acini some of the epithelial cells still remain intact. B, section taken from the same dog 
five days later. The infection in the leg has largely subsided. Here one sees complete regen- 
eration of the acinar cells with little or no scarring. The cells are columnar in type and show 
hyperplasia in several areas. Colloid is beginning to reappear. 



-• — A, massive necrosis of the thyroid following administration of a large dose of caffeine 
alk-aloid by mouth (0.15 Gm. per kilogram). Note the destruction of the entire acini. B, replace- 
ment of localired fibrous tissue in the thyroid of a dog following a severe infection. 




470 


ARCHIVES OF SURGERY 


injury is so severe, there is usually a varying degree of damage to the 
underlying stroma. This results in fibroblastic proliferation and, like 
such proliferation elsewhere, it is usually excessive. Figure 2A shows 
such an area of complete necrosis following a toxic dose of caffeine. 
Figure 2 B shows the probable type of replacement of fibrous tissue that 
follows such a focal injury. 

We found it difficult to produce the extensive diffuse perilobular 
fibrosis that is so commonlj^ seen in the human gland following treatment 



Fig. 3.— Encapsulated nodule involving the upper pole of the thyroid gland of 
a dog one month after laparotomy and a localized peritonitis. Pre\ious examina 
tion of the gland had shown no nodules. 


with iodine therapy in exophthalmic hyperplasia. This mat tie o 
the scant amount of connective tissue occurring between the acini m i 
dog, as was mentioned in the earh' part of this papei . Consequcn \ 
did not produce the multinodular goiter that one often encounters, 
tainly in our cases, most of the fibrosis seemed to emanate 
regions near lai'ger blood vessels where connective tissue was i < . 
more profuse. We were able to demonstrate fibrosis in scatterc . 
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and likewise we were able to demonstrate small so-called adenomas. 
The mechanism of the production of these nodules ,is probably the 
encircling of a group of acini by fibrous tissue with subsequent cycles 
of hyperplasia and involution. Figures 3. 4 and 5 show the formation 
of nodules encapsulated and similar in every respect to their counterpart 
in the human gland. The formation of these nodules was apparently 
in proportion to the amount of fibrosis in the gland. By producing a 
profuse ingrowth of fibrous tissue by means of the injection of a trypsin 



Fig. 4. — Section taken from the tlwroicl gland of a dog nineteen days after the 
injection of a solution of trypsin into the inferior thyroid arteries. There was a 
diffuse fibrosis throughout the gland. In this section one sees an "adenoma” 
formed by a group of acinar cells being cut off and surrounded by connective 
tissues. previous section of the gland was normal. Inspection of the entire 
gland at that time showed no nodules. 

solution into the inferior thyroid artery or by other methods, we noted 
nodular changes much more frequently. Some of these nodules resem- 
bled the so-called fetal adenoma in such detail that while we cannot 
disprove the theory of embryonic rest, we are inclined at the present 
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time to explain the presence of these nodules on the basis of morpho- 
logic changes as a result of a natural physiologic cycle. Although we 
have no proof that these adenomas were not already present in a micro- 
scopic form before our experiments were started, we wish to emphasize 
the fact that in sections taken from several hundred normal dogs in the 
past few years, we did not encounter a single instance of an adenoma. 

We have shown in previous studies that iodine protects the animal 
to a large extent from these hyperplastic changes in the th} roid. Natu- 






^ -tn. 
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Fig. 5.— Nodule in the thyroid gland of a dog dying five 

administration of a compound solution of iodine. is joubt vas suffering 

a fever of 104 R, and was very ill when received. ”0 do^bt v 

from an infection of long duration. Gross examma lo bionsv done on this 

did not reveal the cause of death. There was no previous biopsj 

animal. 

rally, in such cases fibrosis does the am- 

hyperplastic changes have been present ^ tissue 

mal is then fed iodine, a certain amount of „,.y be 

takes place in spite of the fact that ' foroicr” sections of the 

such that it is difficult to different, ate from the former 
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same gland in its resting phase. If the iodine is again withdrawn, 
hyperplasia will reappear and will persist until sufficient iodine is again 
given the animal or until the stimulus causing the change^ is withdrawn. 
Figure 7 shows such a train of events. Note the similarity of the final 
photographs to the structure of the thyroid in exophthalmic goiter. 



Fig-. 6. — A, normal control section taken from the tluroid gland of a dog, after 
which a contaminated foreign body was buried in the muscles of the neck. The 
animal was then given a compound solution of iodine. B, section from the tlnroid 
of the same dog after two weeks of administration of a compound solution of 
iodine. The gland shows no great amount of change, owing, we think, to protection 
offered by the iodine. Note the absence of scarring. Xo more iodine was given. 
C, section from the same animal thirteen months after the section seen in B was 
taken and with the chronic infection still in place. Xote the hyperplasia and the 
loss of colloid. The cells are columnar, and the picture resembles that sometimes 
seen in c\ophtl;almic hvperplasia in the human being. Xote the absence of 
scarrine. 
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These animals, as we have reported elsewhere, had a high basal meta- 
bolic rate, increase in pulse rate and some of the other clinical signs seen 
in toxic goiter. 

COMMENT 

If the foregoing facts apply to human beings, we should expect to 
find nodular goiters more common in those regions in which the supply 






^ A»» '*•# 0^9 
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Fig. l.-A, normal control section ^..^cks 

the experiment was started. B, ^ody was buried in the .nuscle= 

later. Two weeks after a for five days. This nas dis- 

of the neck, compound solution of lodi “ ks before this section na. 

continued and was fed to the anima ^ both bypo-involut.on 

made. Note the masses of fibrous tissue - ^ C, section from 

and hyperinvolution. The administration tissue si 

the same dog eight months ^^ter. Note the magnification of section C 

rounded by active thyroid tissue. ^ ^^.ture resembling that in figure 6 . 

showing the hyperplastic ^f infection in this animal. 

This is the effect of a long-standing focus 
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of iodine is scant. We should expect this because marked hyperplasia 
with involution would be more common. This is, of course, the case. 
Likewise, we should expect to find nodular goiters more common as the 
age of the individual increases. This, likewise, is true. In a series of 
41 consecutive autopsies on human beings, most of them adults and 
none showing clinical goiters, rve found that onl)' 26.8 per cent could 
be classified as having normal glands, if our old criteria for a normal 
gland were used. A large portion of this 26.8 per cent showed some 
scar tissue and even small areas of focal hyperplasia. While we can 
not go so far as to state that the age of the patient can be reckoned by 
a study of the thyroid, as has been claimed by some, we feel certain that 
these changes are more common in older people. W egelin ® has demon- 
strated this conclusively in a long series of autopsies. He found, for 
instance, that at the age of 30 struma nodosa was present in 76 per cent 
of his 696 consecutive autopsies, struma diffusa in about 20 per cent 
and in about 10 per cent, the glands were found to be normal. This 
relationship was not constant, but varied with the age decades. 

Until recently the opinion generally accepted in regard to the nature 
of the’ origin of the benign nodular goiters has been that they are true 
neoplasms, benign adenomas. This has been due not only to the striking 
morphologic similarity to adenomas elsewhere in the body but also to 
the difficulty in coordinating the clinical and pathologic pictures. Wolf- 
ler’s ' theoiy of the persistence of embryonal rests even in the adult 
gland has been a most popular one in spite of the fact that little substan- 
tial proof for it was ever offered. More detailed anatomic studies ® 
have failed to demonstrate these interacinar fetal rests. It is. in fact, 
probable that the adult interacinar cells usually seen are tangential sec- 
tions through other adult acini. Likewise, further clinical and pathologic 
studies ® by several investigators have shown conclusively that it is pos- 
sible for these so-called adenomas to develop during the course of invo- 
lution of an actively hyperplastic gland. 

6. Wcgelin. C : Die Schilddriise. in Henke-Lubarsch : Handbuch der spe- 
ziellen patbologischcn Anatomic und Histologic, Berlin, Julius Springer, 1926. 

7 . Wolfler, A. : Ueber die Entwicklunn tmd den Bau des Kropfes. Arch. {. 
Win. Chir. 29:1, 18S3. 

S. Rienhoff. \V. F., Jr. : Gross and Microscopic Structure of the Tliyroid 
Gland in 3dan, Arch. Surg. 19:986 (Dec.) 1929. Williamson, G. S.. and Pearsc, 
I. H. : Anatomy of Special Thyroid Lymph System Showing Its Relation to the 
Thymus. Brit. J. Surg. 17:529 (Jan.) 1930. 

9. Rienhoff, W. F.. Jr., and Lewis, D. : Relation of Hyperthyroidism to 
Benign Tumors of the Thyroid Gland, Arch. Surg. 16:79 (Jan.) 1928. Hertzler, 

E. : Pathogenesis of Goiter Considered a? One Continuous Disease Process, 
Arch. Surg. 16:61 (Jan.I 1928. Dunhill. T. P.: Toxic Goitre. Brit T Sur- 
17:424 (Jan.'* 1928. 
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SUMMARY 

We should like to emphasize the following points : 

1. Increase in the functional activity of the thyroid gland is extremely 
common and is dependent on a number of factors. This increase in 
function is usualty associated with definite morphologic changes that 
may occur to an extreme degree. If the stimulus is great enough, these 
changes may take place during the course of a few hours. A more or 
less mild stimulation of the thyroid gland over a relatiA'ely long period 
of time may produce hyperplastic changes similar to those seen in 
exophthalmic goiter. 

2. Following involution brought about by the disappearance of the • 
stimulus causing the increase in function or by artificial involution due 
to the administration of iodine, replacement of fibrous tissue occurs. 

3. Repetition of this physiologic cycle may produce a nodular goiter 
similar to the so-called adenoma. The occurrence and location of these 
nodules is apparently dependent on the amount and the location of the 
fibrosis. 

4. Experimental evidence is offered in support of these facts. 
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jMost of the textbooks on pathology make little if any mention of 
plasma cell tumors except those occurring in the bone marrow, the 
plasma cell myelomas. Ewing, however, in his work on neoplastic 
diseases, discussed extrameduiiavy piasma ceW tumors, aud stated that 
in a rather numerous group of tumors of the mucous membranes and 
Ivmph nodes the growth is composed exclusively of plasma cells. He 
said : 

Considering their comparative frequency and rather peculiar clinical course, 
they have received inadequate attention. The growths occur chiefly in the naso- 
pharynx. alveolar borders, tongue, lips, and cervical lymph nodes, but they have 
been observed in many other regions. The course is relatively slow, but they, 
may recur after extirpation and become associated with a chronic cachexia. They 
arc commonly classed as lymphosarcoma, but being, as a rule, benign processes 
with very indistinct neoplastic properties, it is highly important that they should 
be separated from the malignant lymphosarcoma. The structure presents a dif- 
fuse growth of more or less typical plasma cells. 

Kaufmann - mentioned some cases of plasmacytoma which be said 
are counterparts of plasma cell aleukemic lymphadenosis. These special 
cases show granulation tissue, composed almost exclusively of plasma 
cells and lymphocytes, not only in numerous lymph nodes, but also 
in the liver and bone marrow. According to him, “A local plasma- 
cellular ]}-mphogranulomatosa, so-called plasma-cellular granuloma or 
plasmacytoma, with a tumor-like appearance, adopts its favorite site in 
the nasal mucosa.’’ 


CASES FROM TIIE UTERATURE 

In reviewing the literature, we have been able to find only twelve 
instances in which plasmacytomas of the nasal mucosa or nasopharynx 
have been described. 

* Submitted for publication, Dec. 10, 1930. 

From the Departments of Surgery and Pathology, Yale University. School 
of Medicine. 

1. Ewing, J. : Neoplastic Diseases, ed. 3, Philadelphia, \V. B. Saunders Com- 
pany, 192S, p. -420. 

2. Kaufmann. E. : Pathology, transl. by Reimann, Philadelphia. P. Blakistcn's 
Son it Company, 1929. vol. 1. p. 272. 



478 


ARCHIVES OF SURGERY 


In 1905, Schridde,3 in a paper discussing granules in plasma cells, stated that 
he secured some of the material for the study from a tumorous involvement of 
the nose m a 40 year old man. The mass was found to consist of nests of plasma 
cells, between which capillaries were present. He gave no further details as to 
the clinical or pathologic observations. 

Von Werdt,4 in 1911, described the case of a 69 year old man, who had nasal 
speech and difficult}'^ in swallowing, and who finally consulted a physician because 
of the former. A walnut-sized, freely movable tumor was found projecting from 
the posterior surface of the uvula. The outer surface was nodular and bluish 
red. There was no swelling of the glands of the neck. The mass was removed 
with a cautery snare. The wound healed quickly, and no recurrence of the process 
was evident at the time the case was reported. Pathologicall}’’, the tumor showed 
a transparent gra 3 fish-yellow outer portion and a central reddish-gra}' zone, the 
latter showing streaklike hemorrhages. The tumor was quite firm. Microscopic- 
all}'^, it was seen to consist practically entirely of plasma cells, some of which 
showed mitoses, and other several nuclei. Cells with pyknotic nuclei and red 
bodies in the cytoplasm w'ere found. (Hoffmann called these degeneration cells.) 
The capillaries were numerous ; the stroma was scanty and contained pigment 
granules and hemorrhages. 

In 1912, Vogt^ wrote of a 20 year old man who had a rather sudden onset of 
pain in the neck and hoarseness. Examination revealed a tumor mass extending 
from the mastoid process to the jugular fossa, along the sternomastoid muscle. 
The structure was hard and freely movable. The posterior cervical nodes were 
not increased in size. The patient died in a “choking fit” four days after admis- 
sion to the hospital. Autopsy showed that the posterior pharyngeal wall and the 
soft palate were almost double in thickness and seemed stiff and unyielding. The 
tonsils were swollen to walnut-sized masses which narrowed the pharyngeal 


passageway. On section, one could see that the thickening of the tissue was 
due to a pale graj' infiltration of the submucosa by small nodules. Because of 
the great infiltration of the epiglottis, a stenosis of the laryngeal passage had been 
brought about. The thickening extended to the false vocal cords. The cervical 
lymph nodes on each side were the size of a walnut, not fused and easily remo^ed. 
The cut surface rvas grajdsh and moist. In one node, pinhead-sized yellow masses 
were noticed. The axillarj^ nodes were somewhat swollen, but those at the hilus 
were not enlarged. Microscopically, the uvula showed beneath the epithelium o 
its mucosa an infiltration of cells mostly of lymphocytic and plasma cell types. 
The latter frequently formed marked perivascular zones. The plasma ce^ s uere 
mostly of the usual tj'^pe with an eccentric nucleus the chromatin of u hic i pre 
sented a cartwheel-like arrangement. In many of the cells a perinuc ear c e 
zone of cytoplasm was present. Sometimes cells with two nuclei locat la 
rically opposite in the cytoplasm were seen. More than two nuc ei '\ere . 

occasionall}’^ observed. Some cells had dark-staining nuclei. n a e\\ a 
plasma cells were elongated and spindle-shaped, resembling ro ^ 
deeper portions of the mucosa, multinucleated giant cells o tie ” vrsicu- 
ivere found in tissue infiltrated ivith lymphocj'tes and contamiOo nume 


3. Schridde, H.: Weitere Untersuchungen fiber die Kornelungen der Plasma 

zellen, Centralbl. f. allg. Path. u. path. Anat. 16:433, 1 ■ Vfcrhr f 

4. von Werdt. F. : Zur Kenntnis des Plasmocytoms. Frankfur . 

Path. 6:180, 1911. . vtschr. f- 

5. Vogt. E.: Granulomatosis plasmacellnlans colh, wai 

Path. 10:129, 1912. 
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lar nucleated epithelioid cells. No acid-fast bacilli were found. The posterior 
pharyngeal wall showed a picture similar to that in the uvula, except that no giant 
cells or epithelioid cells were present. The plasma cells extended along the blood 
vessels into the musculature, where they formed thick conglomerations of cells 
in the septums. The posterior part of the tongue, the epiglottis and the laryngeal 
wall showed marked infiltrations of plasma cells and also lymphocytes and a few 
polymorphonuclear leukocytes. The cervical lymph nodes were rich in plasma 
cells, especially near the fibrous capsule. A few of the nodes contained giant 
cells. The axillarj’ nodes, inguinal nodes and the spleen likewise showed an 
increase of plasmacytes, but no Langhan’s cells. Guinea-pigs given injections with 
the material showed no tuberculosis when killed later. 

A fourth case was reported by Kusunoki and Frank® in 1913. This case was 
subsequently reported the same year in a different journal by Frank.' A man, 
aged 44, had noticed two j'cars previously, at the angle of the left jaw, a pea- 
sized, hard mass. This became larger, and new masses appeared. The patient 
did not consult a physician until a year later, at which time respiratory difficulty 
was experienced. Roentgen therapy was given without results. About a year 
before admission the patient noticed tumors in his nasopharynx, and it became 
impossible for him to breathe through his nose. Epistaxis was a troublesome 
symptom. During two years he lost from 80 to 90 pounds (36.3 to 40.8 Kg.). 
The tumor of the left side of the neck was removed, and a month later that in 
the nasopharynx. The tissue from the latter consisted of ten pieces, the largest 
of which measured 3.5 by 3 by 1 cm. The remainder were about the size of an 
almond. The surfaces were irregularly nodular, firm but elastic, and varied 
from grayish white to grayish brown. The nodular masses were easily separated 
from the surrounding tissue. The cut surface was smooth, not protruding, and 
of tlic same color as the outer surface. On microscopic examination, a large 
number of typical plasma cells were found, especially grouped about blood vessels 
and capillaries (the latter being so rich as to give the structure a honey-combed 
appearance). Areas of necrosis were observed. The mucosa was preserved in 
scattered places while the submucosa showed a granulation tissue with some 
hemorrhage and some acellular hyaline connective tissue. The tissue from the 
neck consisted of twenty pieces which had not fused together, but were surrounded 
by loose connective tissue. The largest of these was 8 b}- 4.5 by 3.5 cm., the 
smallest about the size of a pea. The nodes were firm, nodular and grayish white. 
The cut surface was uneven and divided into many divisions by small and large 
white bands of connective tissue. In these places the larger masses were a dirty- 
gray and showed rather poorly demarcated areas of necrosis. I^Iicroscopically, 
lymphoid structure was found preserved in only a few places. Plasma cells had 
almost completely replaced the lymphocytes. The remaining lymphoid tissue 
appeared atrophic with only a few follicles showing mitoses in the germinal 
centers. In some instances the differentiation between plasma cells and lympho- 
cytes was not sharp. No transitional cells between these two types were found, 
however. Some plasma cells contained two, but rarely more, nuclei. In a few of 


6. Kusunoki. M.. and Frank, A.: Ueber cin plasmazellurares Granulom, 
unter dem klinischen Bilde von Lymphomen der Halslymphdrusen und geschwulst- 
artigon Kuoten in dcr Xasenschlcimhaut, Virchows Arch. f. path. -\nat 212- 
391, 1913. 

7. Fr.ank, A.: Ueber ein Granuloma plasmaccllulare. (Unter dem Bilde vnn 
Lymphomen in dem Halslymphdrusen und gefchwulstarligen Kuoten in der N’asen- 
rnchenschloimhaut''. Verhandl. d. deutsch. path. GcselFch. 16:115. 1913. 
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the plasmacytes were seen small, round, hyaline masses, the so-called “Russell 
bodies.” Occasionally, these were present extracellularly. ]\Iitotic fi-ures were 
never encountered in the true plasma cells. The latter were grouped especially 
about blood vessels and were at times seen in the walls and even in the lumina’. 
Capillaries were plentiful. Hemorrhages and areas of necrosis were observed' 
The patient died four years after the beginning of his illness, and showed at that 
time a swelling of the upper part 'of the thigh which was thought possibly to be 
also a plasmacytoma. 

In 1913, M^achter ® cited the case of a 48 year old woman who had suffered 
from bilateral deafness following attacks of cerebrospinal meningitis and otitis 
media. Tw'enty years before her admission, the present condition began with 
slight hoarseness noticed after prolonged talking, and with pain in the neck. On 
the present admission to the clinic, examination revealed a hard, slightly nodular 
tumor which arose from the floor of the right nasal cavity and from the inferior 
turbinate. It was clearly separated from the nasal septum. The middle turbinate 
showed a grayish-red unevenness. The tumor was reddish and bled slightly on 
motion. In the left nasal fossa, arising from its floor, was a small, hard swelling 
covered by normal mucosa. By means of posterior rhinoscopy, there was found 
on the posterior surface of the velum directly over the uvula a cherrj'-sized tumor, 
covered with normal mucosa, and situated on a narrow base. On the left false 
vocal cord, a red granulating growth with a broad base W'as found. The growths 
were excised but recurred locally about flve and a half months later, with the 
addition of a new mass near the opening of the left eustachian tube. About ten 
months later, a mass the size of a cherry was found near the eustachian tube, 
and the growth in the right nasal fossa was seen to be increased in size. On the 
left, a thick fold of mucosal tissue was present. The velum and uvula were free. 
On microscopic examination, the tissues excised were seen to consist of large 
masses of plasma cells. These cells showed the usual eccentric nuclei with 
radially arranged masses of chromatin, and were quite uniform in size. Cells with 
two nuclei and a few with several, the so-called “plasma giant cells, were 
observed. Vacuolated cytoplasm was found in some. The plasmacytes were 
especially abundant about the walls of blood vessels where interstitial tissue was 
often lacking. The masses of plasma cells were divided into rectangular lobules b\ 
bands of connective tissue. In a portion consisting of a loose edematous reticular 
tissue, round cells, mast cells, dark-staining granules, as well as a few plasma 


cells, were seen. . 

The onlj^ instance of nasopharyngeal plasmacytoma we have found reporte m 
English was that of Rogers ® in 1920. He wrote of a 42 year old man, who a ou 
one year before had first noticed slight bleeding from the left nostnl and ic 
back of the nose. This continued for six months, when more severe hemor- 
rhages from the nose and nasopharynx began. These hemorrhages . 

spontaneously, lasting from one to two days. About this time comp e e 
obstruction occurred. At no time was there aii}^ pain. During t le rs , 

sought advice from several physicians who prescribed nasal ointments ^ 
the nose. , When seen by Rogers, he was anemic and the nasa o s r 
pronounced, but the septum was straight. The turbinates 
and a careful intranasal examination failed to reveal any bleeding points 


8. Wachter, H.: Ein Fall von multiplem Plasmazytom der oberen Luftwege, 

Arch. f. Laryng. u. Rhin. 28:69, 1913-1914. vr A J 10:223 

9. Rogers, J. T. : Plasmoma of Nasopharynx, Canad. - 1. - • 
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pathologic growth. Posterior rhinoscopy, however, demonstrated an uneven, 
granular-appearing, hemorrhagic mass completely filling the nasopharynx and 
seeming to arise from its vault. The surface of the tumor showed areas of fresh 
and old hemorrhage. On admission, the hemoglobin was found to be 40 per cent. 
General physical e.xamination gave negative results. Both external carotids were 
ligated, stopping the hemorrhage. Six weeks later the growth was removed intact 
by means of a snare. Subsequent examination showed that the tumor took origin 
from the inferior border of the cushion of the eustachian tube and the adjacent 
surface of the soft palate. Alicroscopic preparations revealed that the growth con- 
sisted essentially of plasma-Iike cells, which were large and contained small, round, 
eccentric nuclei. There was little ground substance, and the surface was covered 
with transitional epithelium. 

Facchini and Scalas.i® in 1925, reported a plasma cel! growth in a 47 year old 
woman. She had been married fifteen years and had never been pregnant. Her 
husband had acquired syphilis before marriage, but had had four years of inten- 
sive antisyphilitic treatment. At marriage his WassermamV test was negative, as 
it was at the time the case was reported. The patient for two years complained 
of difficulty in breathing through the right side of the nose. There had been no 
purulent secretion or other disturbance. On objective examination, it was noted 
that the right nasal cavity was completely occluded by a polypoid mass with a 
smooth, gray surface. The Wassermann and Meinicke tests were negative. The 
blood counts were normal. The tumor, which was attached to the upper and 
posterior part of the septum, was removed with little hemorrhage. The wound 
healed rapidly, and examination one year from the time of operation showed the 
nasal cavity to be free from any alteration except a slight cicatricial depression. 
The patient was given injections of mercuric chloride, following which the 
Wassermann reaction of the blood was again found to be negative. On gross 
examination, the tumor was found to measure 4 by 2 cm. The external surface 
was regular and smooth, and covered by a light red mucosa. The consistency 
was fibro-elastic. Around the base of the tumor were inserted small, round 
nodules of softer consistency and darker red color. On section, distinct zones 
could be observed with the naked eye or with only slight magnification. The 
peripheral part of the mass had a homogeneous aspect, gray and shining, that 
resembled the appearance of a common fibromyxomatous polyp. In the central 
regions were well circumscribed white islairds of tissue, opaque and friable. The 
nodules in the vicinity of the pedicle also had these characteristics. The cut sur- 
face was gray and finely granular. Microscopically, a fine trabecular structure 
delineated areas of varying size containing the cellular elements. These were 
arranged some times in an alveolar manner and at other times in a cordlike 
fashion. Tlic blood vessels were rather scanty with thin walls. The cells were 
oval or round, except where closely packed, when they were polygonal. The 
appearance of the nuclei and cytoplasm was typical of plasma cells except that 
perinuclear clear zones were not frequently observed. With the Unna-Pappenheim 
metliyl-green pyronin stain, however, the characteristic reaction of the cells was 
seen. Giant cells containing two, three or more nuclei were occasionally encoun- 
tcrc<l. A few large cells with less darkly staining nuclei and large nucleoli, others 
with nyknotic nuclei, and still others with vacuolated cytoplasm, were found. 
Mitotic typical and atypical figures were numerous. 


10. h.acchiui. G., and Scalas. A.: Su di un caso di fibro-mixo-pl.asmocitoma 
della cavita nasalc, .\rch. it.al. di otol. 36:331, 1925, 
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The observations made at autopsy on a 54 year old man who died several davs 
following the partial extirpation of a tumor that filled the nasopharynx were 
described in 1926 by Rossle.^i One tonsil and the nasal mucous membrane showed 
a widespread streptococcus lymphangitis. The tumor had grown through the 
divus, filled the sphenoidal sinus, and reached past the roof of the pharynx to 
involve the upper part of the left nose. Two masses of tumor tissue were found 
on the posterior surface of the soft palate and two on the. mucosa of the right 
antrum of Highmore. All the cervical lymph nodes and the sternum, ribs and 
skull showed neoplastic masses. Microscopically, all the growths were seen to be 
composed essentially of masses of plasma cells of different sizes, with a fine 
reticulum between the masses. 


Hiickel,^- in 1927, discussed the case of a 46 y^ear old workman who had had 
difficulty in breathing through his nose for six months, leading to an almost 
complete obstruction of the air passages. In his youth he had suffered from 
cervical adenitis. The general physical examination was without significant 
results. Rhinoscopic inspection showed a growth completely filling the whole 
nasopharynx with a small process the width of a finger extending down below 
the soft palate from a firm red mass. The right nasal cavity was narrowed by a 
deviation of the septum, while the posterior part of the left nasal cavity was 
obstructed by the growth. The mucosa of the pharynx and of the turbinates on 
both sides showed a slight catarrhal swelling. The maxillary sinuses were not 
involved. The growth was removed in several stages, partly through the nose 
and partly through the mouth. Bleeding was slight, and nasal respiration was 
restored. The origin of the growth was the mucosa of the posterior edge and 
of the wings of the vomer, and also of the nasopharynx. The thirteen pieces of 
tissue removed varied from the size of a pea to that of a bean. The external 
surfaces were partly dark brown and partly grayish white. They were unevenly 
nodular and fairly firm. The cut surfaces showed a similar appearance, were not 
very moist and were grayish white with here and there grayish-brown areas. On 
microscopic section, a rather uniform picture was seen, consisting of plasma cells 
packed closely together with a fine reticulum of connective tissue. In other places 
the stroma was denser and less cellular. In some areas the plasma cells formed 
columns between the dense strands. The plasmacytes contained often two, but 
'seldom three nuclei. In rare instances mitotic figures were seen, but never amitotic 
division. A marked difference in the sizes of the plasma cells was not evident. 
Degenerative processes in the cells and “Russell bodies” were not found. The 
tissues were not especially vascular, and no particularly close relationship between 


the plasma cells and the vessels could be seen. 

In the same year Pallestrini described the interesting case of a man, 43 
of age, who for five months had had obstruction of the right nasal ca\it} an • 
purulent discharge. He also had had intermittent frontal headaches and pam 
occurring in the region of the distribution of the first and second division of tlie 
right trigeminal nerve. The remainder of his history wms essentially unimportant. 


11. Rossle: Malignes Plasmozytom des Nasenraclienraumes, Schweiz, mcd 


Wchnschr. 56:302, 1926. 

12. Hiickel, R. : Ueber ein Plasmacytom des Nasenraclienraumes, irc i 


Arch. f. path. Anat. 264:172, 1927. 
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On physical examination, the positive signs were limited chiefly to tlie region of 
the Iicad and neck. The right eye showed a mild exophthalmus. Vision and 
ocular movements were normal. There was a slight swelling in the right lower 
molar region. On examination of the nose, an enlargement of the inferior half 
of the right lateral wall was seen. The right cavity was completely occluded to 
the end of the vestibule bj’ a pallid rose-colored neoplasm. The tumor was soft 
and showed some superficial ulcerated areas which were partially covered by 
pus. Some lymphadenopathy of the lateral cervical, supraclavicular, axillary and 
inguinal nodes was noted. The epitrochlear nodes were not enlarged. There were 
no clinical signs suggestive of syphilis. The Wassermann test was negative. At 
operation, the tumor was found to extend from the internal border of the right 
maxillary sinus to the region proximal to the inferior meatus, the inferior turbinate 
and tlie middle meatus. The maxillary sinus contained none of the neoplasm; 
however, pus was obtained from it as well as from the ethmoid cells. Grossly, 
the tumor consisted of a semi-oval, soft rose-gray mass the size of a walnut. 
Externally, it presented an irregular surface with many small round or oval 
ulcerations, whicii had irregular raised borders and were covered by a bloody 
and purulent exudate. The deeper portions were coppery red, and here and there 
many small soft areas were present. Microscopic preparations showed super- 
ficially a delicate connective tissue throughout which tumorous cells were seen. 
Those predominating were of the plasma-cellular type. Some of these were about 
the size of small lymphocytes; others were larger and round or oval. Some were 
irregular and had extensions of the protoplasm in fibrils which occasionally joined 
with similar processes from other cells. The nuclei of the first group were multi- 
lobuiatcd. In some areas the cells were seen in chain formations separated in 
places by a delicate stroma directly surrounding the cells. Other areas showed 
epithelioid cells rich in protoplasm with single round nuclei, rich in chromatin. 
Throughout, some areas contained relatively few, small blood vessels, while in 
others a ricliness of blood vessels was noted. The patient returned to his home 
shortly after the operation. He was examined fifteen days later, and at this time 
a partial stenosis of the nasal cavitj' was found. He refused to submit to either 
a radical operative procedure or roentgen therapy. He died of cache.xia and 
terminal meningitis six months later. Metastasis to the eyes had occurred. 

Bronzini,^' in 1928, described a case of a man 53 years of age who for four 
years had been suffering from nasal obstruction, mucopurulent nasal discharge and 
frequent sneezing. The positive physical signs were limited to the chest and naso- 
pliaryiix. Examination of the chest revealed decreased phonation at the apex of 
tile right lung and in the right intcrscapular region with also a slight increase of 
tactile fremitus in tlicse areas. Roentgenograms demonstrated an opacity at the 
apex of tlie right lung and an engorgement of lymph nodes of the hilus of the right 
lung. On rhinoscopic examination, an irregular tumor mass was seen which arose 
from the region of the inferior turbinate and completely occluded the right nasal 
iofsa. 7 he tumor was soft and bled easily. Bleeding was not materially lessened 
by the application of epinephrine. The left inferior turbinate was moderately 
hypertrophied. The laboratory findings were within normal limits, and the Was- 
sennann tc.st was negative. At operation, the mass, together with the right inferior 
turbinate, was removed. The postoperative course was uneventful. On subsequent 

14. Bronzini, A.: Di un voluminoso granuloma plasmacellulare del naso 
.■\rcli. itnl. di oto], 39:449. 1928. 
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examination eight months later, no recurrence of the growth was observed; the 
site of the scar, however, still appeared fresh as though the operation had been 
done only a few days previously. It presented a granular surface, which was 
hemorrhagic and necrotic in places. A foul-smelling, grayish discharge from the 
rhinopharynx was noted. The patient was asked to return for further treatment, 
but refused ; he died a short time later of bronchopneumonia. Histologic e.xamina- 
tion of the tissue removed at operation showed it to consist externally of nasal 
mucosa. Beneath this there were trabeculae of connective tissue between which 
large masses of typical plasma cells were found. These masses were seen espe- 
cially around blood vessels. Occasional cells with two nuclei were noted. No 
epithelioid or giant cells were present. Peripherally, some lymphocytic infiltration 
was observed. The microscopic preparations revealed no areas of degeneration or 
atypical proliferation. 


Borri,i5 in 1928, presented two cases of plasma cell tumor. One was found in 
a 32 3 'ear old woman who had a histor}'- of syphilis, and occurred in the oro- 
pharynx. Because of its location and the fact that the diagnosis was not substan- 
tiated b}' microscopic studies, we are not including it in this series. 

The second case was that of a man 56 j'ears old who entered the hospital in 
December, 1923. At that time the right tonsil was found to be markedly hyper- 
trophied, cryptic and pale. On the posterior pharyngeal wall was seen a neoplastic 
mass the size of a small almond, the structural characteristics of which were the 
same as those of the tonsil. E.xcept for cervical lymphadenopathy, the remainder 
of the physical examination gave negative results. At operation the mass was 
removed and a tonsillectomy done. In 1926, the patient became aware of a sense of 
occlusion of the left nasal fossa. This early became complete. The patient was 
treated by a specialist who removed a large “meaty” mass. Following this the 
patient was well for two j'ears, when the condition recurred. A similar operation 
was performed, which afforded relief for about a month and a half, at the end of 
which time the patient again began to have nasal occlusion and difficulty in degluti- 
tion. In November, 1928, he again entered the hospital for treatment with -radium 
of a supposedl}^ malignant tumor of the right tonsil. Examination of the oropharynx 
showed the right palatine tonsil to be markedly hypertrophied, crj'ptic, pale and 
divided into numerous lobes by fibrous septums. In places the mucosa shoued 
definite ulceration. The tonsil had a hard, rubbery consistency to palpation. 
Rhinoscopj" revealed in the left nostril a large, “meaty” pale mass vith an irregu 
lar surface, which also showed some ulceration. Aside from the complaints 
described, the patient had always been in good health until the last }ear, vhen le 
became mentallj" senile. The Wassermann test was found to be positive, n 
latter part of November the right tonsil was completely enucleated, an a '°P - 
was taken from the nasal tumor. Microscopicallj^ the tonsil and nasal um 
mass showed much the same picture. The mucosa presented ulcerations ’ 
small necrotic areas were seen. The deeper tissue shoved a mar 'c 
with an irregular round cellular element. In many of the ce s 
granular, showing perinuclear semilunar lighter-staining areas. e i 
paripherLlb- arranged, and the chronra.in consisted of s™a 1 nangnlar Mod. 
ivith tlieir apexes pointing toward the center of the nnc j,, 

block was present, from which the other masses o c elements were 

areas, particularly surrounding blood vessels, numerous \ p . 
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present, some of which suggested plasma cells. The blood vessels, which were 
relatively infrequently seen, showed a proliferation of the intima and a poorly 
developed adventitia. While waiting for the tonsillar fossa to heal, the patient 
received insufflations of bismuth and arsphenamine powders. After ten days of 
treatment the nasal tumor was found to be reduced to one-third its original size. 
Later bismuth and iodine was given. On Dec. 30, 1928, on ree.xamination, the 
operative site was found to be healed, and the nasal growth to have disappeared. 

.WTHORS’ CASES 

W'c wisli to report two cases of plasma cell tumor of the nasal and 
nasopharyngeal mucosa which we have had the opportunity of studying. 

(3/,sr. 1. — .\ Polish man, aged 34, came to Dr. Hammond’s office with a com- 
plaint of “nose trouble” which liad been present for years. Otherwise his history 
was essentially unimportant. Aside from the nasal condition, the general physical 
examination revealed nothing of note. .A rhinoscopic study, however, demon- 
strated an irregular, gray tumor mass which filled the entire interturbinate space 
in tlic right nasal fossa. This appeared to arise from the turbinate bones. The 
tumor was partially covered by a yellowish-gray exudate. The entire tumor was 
removed at operation, and the wound healed nicely. Subsequent examinations, the 
last a year and a half after operation, did not reveal any evidence of recurrence. 

Pathologic Study. — Gross: The specimen consisted of four irregular pieces of 
tissue which averaged about 2 cm. in diameter. They had been preserved in 
alcoliol and were opaque and yellowish gray. Oq section, the cut surfaces 
presented an uniform, soft gray appearance. 

Microscopic; The material was fixed in alcohol and a solution containing 
1 part of "solution of formaldehyde U. S. P.” and 9 parts of water. por- 
tion was embedded in celloidin and another in paraffin. The preparations were 
stained with hematoxylin-eosin. Xo Unna-Pappenheim methyl-green pyronin or 
other special stains were made. In some of the microscopic preparations the 
external surface of the tissue was seen to be partially covered by a thin layer of 
strntilied squamous epithelium. Beneath this, numerous moderately thick 
trabeculae of fibrous tissue, containing oval or spindle shape cells, divided the tissue 
into rather small irregular areas which were loosely filled with cells. The latter 
consisted chiefly of rather small round or oval cells with homogeneous grayish- 
blue cytoplasm containing spherical nuclei, many of which were eccentrically 
located. The chromatin of these nuclei had a radial arrangement which gave the 
■io-callcd cartwheel appearance. These appeared to be typical plasma cells and 
were for the most part fairly uniform in size and shape. Here and there, how- 
ex er, larger cells which were about twice the size of the surrounding cells, but 
which were otherwise identical in structure, were seen. An occasional larger cell 
containing two nuclei was found and rarely those containing three nuclei were 
present. Scattered throughout the large groups of cells fairly numerous lympho- 
extes and polymorphonuclear cells were seen. There xvere also found irrcgularlv 
throughout, fairly nximerous, rather large, round or oval cells which had sharp 
margins and ixoorly staining vacuolated cytoplasm. These contained small. e>\-al. 
somewhat vesictilar nuclei. This type of celt xvas extremely difficult to classifv. 
In no place did the plasma cells appear to invade the septums of fibrous 
.\napl.i«ia was not distinct; no mitotic fisrurcs in the plasma cells xvere se(.n and 
no anas of hemorrhage or frank necrosis xxtre found. In several areas capillarie- 
were rather numerous. 



Fig. 1 (case 1). — Photomicrograph showing dense distribution of plasma cells. 
The stroma is fairly dense. Hematoxylin-eosin stain ; X 75. 



the ralher marked fibrous stroma. Hemato.xylin-eosin 
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Case 2.— A man, aged 60, a native of Sweden, on admission to the Xew Haven 
Hospital. May 5, 19.%, gave the following history: For the past two years the 
right side of his nose had been obstructed, and he had noticed a moderate post- 
nasal discharge. He had used nasal drops for some time with no improvement 
of symptoms. In September, 1929, a small ‘‘growth" was removed from the right 
nasal fossa. The clinical diagnosis at that time was nasal fibroma. Xo pathologic 
examination of the tissue was made. Following the operation the patient had 
some relief from symptoms, which, however, lasted only a short time. The 
symptoms again became marked, and on examination it was found that the tumor 
had recurred. The patient had no headaches or dia^iness. He gave a history of 
having had severe attacks of tonsillitis occurring almost every winter for several 
years. About two weeks before admission, a small tumor was removed from 
under his left arm. No pathologic examination of the tissue was made. The 
remainder of his history was irrelevant. 

Ou physical examiuatlou the patient was seen to he moderately well developed 
and well nourished. Except for the nasal condition, the physical examination 
gave essentially negative results. Ou inspection of the nose, the septum was seen 
to be somewhat deviated to the left and in contact with the left middle turbinate. 
Roth inferior turbinates w’erc enlarged. The right middle turbinate was moderately 
hypertrophied. In the right nasal cavity a raised, somewhat lobulated tumor 
mass, about 3 cm. in length and 1.5 cm. in width, was seen extending from the 
middle meatus over the middle turbinate. It was partially covered by a yellowish 
exudate. A similar but somewhat smaller tumor mass was seen extending down- 
ward from the fossa of Rosenmuller on the right. The \Yassermann test and 
urinalysis gave negative results. The blood count showed : red blood cells, 
.5,400,000; hemoglobin, 110 per cent (Sahli) ; white blood cells, 8.000, with a differ- 
ential count of 59 per cent polymorphonuclear leukocytes, 34 per cent lymphocytes 
and 7 per cent large mononuclear cells. Roentgenograms of the nasal sinuses 
were negative, and no pathologic process of the bone was demonstrated in the 
skull. The clinical impression was fibroma of nasopharynx. On Maw 6, 1930, 
under local anesthesia, incisions w'cre made on either side of the tumors with 
alligator scissors, and they w’ere then removed by means of a snare. Only 
moderate bleeding was encountered. Three days later the sites of the tumors were 
irradiated, 33.75 millicuric hours of irradiation being used. Following this, the 
patient was discharged. Subsequent examinations showed the operative sites to be 
healed. To date there is no evidence of recurrence (12-1-30). 

Pallwlopic Study. — Gross: The gross specimen consisted of several pieces of 
ti.siuc. the largest of which measured about 4 by 2 by 1 cm. Externally, the 
tissue was grn\a\h white and smooth. To palpation, the tumor felt moderately 
soft. On section, the tissue cut easily, the cut surfaces presenting a gr.ay fibrous 
appearance, throughout which numerous rather large dark bluish-red hemorrhagic 
arcav were seen. 

Microscopic: The material was fixed in neutral formaldehyde, 10 per cent, 
and preparations stained with hematoxylin-cosin and methyl-green pyronin. Others 
were stained according to Mallory’s and to van Gie«on's technic for connective 
tissue, and by Haythorne's and Kinyoun’s methods for spirochetes and acid-fast 
bacilli, respectively. Several of the microscopic preparations ^howed the na=al 
tnucosa, consisting of an epithelial portion with a surface layer of columnar 
epithelium, occasionally showing cilia, and one c>r two riovs of more basallv 
located cuboidal cells. Relow this there was a laser of rather loosely arranged 




Fig. 3 (case 2). — Photomicrograph showing the plasma cell infiltration of the 
mucosa. Hematoxjdin and eosin stain; X 70. 



Fig. 4 (case 2 ) .—Photomicrograph of the plate. Hema- 

accumulation with areas of hemorrhage in the upper p 
toxylin-eosin stain ; X 85. 
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fibrous tissue in \shich numerous capillaries and blood spaces were seen. In this 
tissue, especially just beneath the surface epithelium, were a few scattered poljmor- 
plionuclcar neutrophilic leukocrtcs. Scattered small round cells of the lymphocj'tic 
tvjic Mere jirescnt and likewise plasma cells with abundant pink or gray homogene- 
ous c\ toplasm and rather dark, usually eccentrically placed nuclei. The latter, 
as a rule, showed a more densely arranged chromatin with less of the radial 
distribution than is usually found in these cells. Deeper in, the tissue consisted 
of large irregular masses of apparent plasma cells. These groups of cells were 
not sharply demarcated from the overhung mucosa, and in places extended irregu- 
larly in fmger-hke processes into that layer. The individual cells varied con- 
siderably in si^e and shape, some being only about two or three times the size of a 
hmphocUc, while others were many times that si/e. Where the cells lay free, 
thc\ tended to be round or oval, but where they were found close together their 
outlines were frequently irregular. The c\ toplasm had a grayish blue tint with 
hcmato\\ lin-eosin stains. The nuclei were spherical, and in many cases eccentric 
in iocation. The ciiromatiii in most nucici f otmed iitvit knotUke masses, tkt vadial 
arrangement of which gave the nuclei the typical so-called cartwheel appearance. 
About a large number of tbe nuclei, the cytoplasm showed a clear semilunar zone, 
which hai, been frequently described as being present in plasma cells. Cells with 
two or even three nuclei, and rarely more, were seen, these cells usually being 
larger than the general a\erage, but occasionally no greater in size. Throughout 
the sections were found scattered cells which corresponded in size and shape with 
the other plasma cells of the tumor, but which had pinkish-red, denser cytoplasm 
and usually daiker, less t\pical nuclei. Where the plasmacytcs were densely 
jiacked, the cell outlines were often indefinite, but a true shcctlikc arrangement 
of the ceils as often seen in carcinoma was not observed. The methyl green 
p\ronin preparations did not show the nuclei of the cells to be stained green 
and the c\ toplasm red, as is t\pical of plasmacytcs, but this was probablj' due to 
the fact that the tissue was fixed in formaldehyde rather than alcohol. However, 
the gcncial appearance of the cells, with their homogeneous cj-toplasm, perinuclear 
cle.ir zones and the radially arranged chromatin of the nuclei was l\pical of 
plasma cells, and leaves little doubt that they were of this nature. Moreover, the 
similarity of the cells in our cases to those described by other authors who suc- 
cessfully employed the L'nna-Pappcnhcim stain, is extremely close. The stroma, 
as a rule, was slight, with only a few delicate strands separating the individual 
cells of the masses in most places. In other areas, fewer plasma cells were seen, 
and heic the stroma was loos(.r and showed spindle shape or oval connective tissue 
cells, small capillaries, and likewise numerous extravasations of red blood cells. 
Xo frank- arc.is of necrosis were found. Lymphocytes were scattered among the 
plasma cells, but in a few places formed the predominant element. Mitotic 
liguies in tlic plasmacetes were but rarely seen. Occasionally there were encoun- 
tered large cells with several rather dark-staining nuclei, often irregular or bean- 
sli iped 1 hesg cells did not in tiuir appearance suggest plasma cells. Careful 
se irch w.is m tde for loth spirochetes and .nciel-fast organisms in the sections 
prepared with the appropriate stains, but none was found. 

Dr. Sunuel H.immond of Hartford. ga\c us the clinical history of the 
first case and Dr Wihner .MUn. pathologist of the Hartford Hospital, the 
p.ithok.gie' initerial. Dr. Charles T. Fhnn assivtaut clinical professor of oto- 
kir\ ngiiluge , \ .\!e \.'ni\er'ii\ Schoed eif Medicine, cave us pe'rmissjon to report tb.e 
'ece-id ease 
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Fig. 6 (case 2) .-Drawing showing the ‘ccTf '^^ th 
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Siiiiimary of Cases 


Author 

Date 

Age 

Sex 

Symptoms, Duration, etc. 

Schridde'® 

1903 

40 

31 

Not given 

von Werdt*.., 

1911 

G9 

H 

Difficulty in swallowing and 
nasal speech; growth excised, 
and wound healed quickly 
with no recurrence 

Vogt= 

1912 

20 

M 

Sudden onset of hoarseness, 
pain in necl:; patient died be- 
fore operation; necropsy done 

Kusunoki and 
Frank" 

Frank^ 

1913 

44 

M 

Lump size of pea at angle of 
left jaw; two years later 
tumor in nasopharynx with 
respiratory difficulty; epi- 
staxis, loss of weight; died 
four years after onset, show- 
ing swelling of upper part of 
thigh 

Wachtei" 

1913 

48 

F 

Onset twenty years previous 
with slight hoarseness and 
pain in neck; operation: 
recurred locally; again 
removed; recurrence 

Rogers" 

1920 

42 

31 

Severe attacks of epistaxis 
for period of a year, nasal 
obstruction; growth removed; 
uneventful recovery 

Facchini and 
Scalas^" 

1923 

47 

F 

For two years nasal obstruc- 
tion; operation; no recurrence 
after a year 

Rossle^^ 

1926 

54 

31 

Nasal obstruction; extirpation 
of tumor filling nasopharynx; 
deatli several days later; 
necropsy 

HfickeF- 

1927 

40 

31 

Difficulty in nose breathing 
for six months with almost 
complete nasal obstruction 

Pallestrini^®.. 

1927 

43 

31 

Nasal obstruction; nasal dis- 
charge; frontal headaches; 
pain in region of the distribu- 
tion of first and second divi- 
sions of the fifth nerve, right 

Bronzini^^.. . . 

1928 

53 

31 

Nasal obstruction with muco- 
purulent discharge; frequent 
sneezing 

BorrP" 

1928 

56 

31 

Difficulty in eating solid food; 
nasal occlusion; operation; 
recurred locally; operation; 
recurrence; disappearance fol- 
lowing antisyphilitic treat- 
ment; IFassermann test 
positive 

Authors’ 
case 1 

1930 

34 

31 

Nasal obstruction: tumor 
removed; no recurrence 

Authors’ 
case 2 

1930 

60 

31 

Obstruction to right nose of 
two years’ duration; nasal 


discharge; small growth 
removed; considerable improve- 
ment for a short time; recur- 
rence of tumor; tumor again 
removed; no recurrence to date 


Location 

Nose 


Posterior surface of uvula 


Uvula, pharynx, tonsils, 
epiglottis, larynx, cervical, 
axillary and inguinal 
lymph nodes 

Nasopharynx, left side of 
neck 


Floor of right nasal fossa 
and inferior turbinate; 
floor of left nasal fossa; 
velum above uvula; left 
false vocal cord 

Inferior border of cushion 
of eustachian tube, and 
adjacent surface of soft 
palate 

Right nasal cavity from 
posterior portion of 
septum 

Tumor grown through 
cliTOS, filled sphenoidal 
sinus; roof of pharynx in- 
volving upper part of left 
nose; posterior surface of 
soft palate; mucosa of left 
antrum of Highmore; 
cervical nodes, sternum, 
ribs, skull 

Nasopharynx and mucosa 
of posterior edge of wing 
of tlic vomer 

The inferior half of the 
right lateral wall of nose 


Inferior turbinate, right 


Left nasal fossa; right 
palatine tonsil; posterior 
pharyngeal wall 


Right nasal fossa filling 
the entire interturbinate 
space 

Right nasal fossa extend- 
ing from the middle meatus 
over the middle turbinate; 
fossa of Rosenmuller 
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COMMENT 


hile the series of cases that we have collected is too small to 
justify any general conclusions as to the age and sex incidence in 
cases of the tumors described, it is interesting to note that of the 
fourteen cases, twelve occurred in males and only two in females. The 
youngest patient was 20 years of age, while the oldest was 69. Of 
the fourteen patients, twelve were 40 years or more of age. The 
predominant symptoms that caused the patients to seek medical care 
were nasal obstruction (eleven cases) ; difficulty in deglutination (two 
cases) ; epistaxis (two cases), and hoarseness (two cases). In the 
instances in which hoarseness was a chief complaint the patients were 
found to have tumors in the phar)mx as well as in the nasal or naso- 
pharyngeal regions. Several patients complained of more than one 
of the foregoing S 3 'mptoms. In summarizing the cases according to 
anatomic location, we found that fiA''e occurred in the nose alone; one . 
in the nasophaiynx ; rvhile in trvo instances both these sites were 
involved. In some instances tumors were also present in the oropharynx, 
lart’nx, lymph nodes or other sites, 

Morphologicalh^ the tumor masses were characterized grossly in 
the majority of the cases by a coarsely nodular or more finely granular 
appearance. They varied in size from those which almost or entirely 
filled the nasal or nasopharyngeal cavities to smaller masses from 1 
to 3 cm. in diameter. Some had flat bases, while others were definitely 
pedunculated. The majority of the masses were firm. In our second 


case, however, the tumors were soft. The color was pale or pale gray, 
bluish red or dark brown, apparent!}' resulting from congestion and 
hemorrhage. The latter was noted definitely on gross examination in 
three or four instances. Microscopically, all of the tumors were marked 
by the abundance of undoubted plasma cells. In only one or tuo 
instances were these described as being uniform in size and shape. !Moic 


frequentlv they showed a good deal of variation in those respects, 
and cells containing trvo nuclei were commonly noted. Plasmacrtes 
with more than two nuclei, the so-called plasma giant cells, vere not 
infrequently observed. The nuclei were usually round or o^al uiti 
radially arranged masses of chromatin. Multinucleated giant ^ ® ^ 
the Langhan’s type were seen by only one observer (Vogt ). ege 
erated cells were described by only one or two authors. An ° 
necrosis involving the plasma cells and interstitial tissue v as ‘ 
frequent observation, but was mentioned b} Frank. emo » 
was observed microscopically in those tumors in which it was n 
grossly. A particular abundance of capillaries was noted ’ 

and others found that the plasma cell groups were espeaa } ^ 
in the vicinity of the blood -vessels, often forming pernascuc 
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An almost universal observation was the delicacy of the interstitial 
connective tissue which formed a fine reticulum in which the plasma 
cells rested in rather closely packed masses. Denser trabeculae were 
observed in only a relatively few instances. Lymphocytes were quite 
numerous according to some descriptions, at times dominating the 
picture in small areas. Other observations of less frequency were the 
presence of rare mitotic figures and of eosinophils (one case). Poly- 
morphonuclear neutrophilic leukocytes observed ^n both of our cases 
were in the second restricted to the mucosa covering the tumor, and 
formed no part of the masses rich in plasma cells. 

In regard to these plasma cell tumors, the much debated question 
arises as to whether they are true neoplasms, or whether they have 
an mflammatory origin. Moreover, if the former is true, should they 
be considered as benign or malignant; and if the latter, is there a 
specific infectious agent, or is the inflammatory etiology unknown? In 
this discussion we will not enter the controversy as to the origin of 
plasma cells. It may be stated, however, that there are two main 
theories. One is that the plasma cells are derived from lymphocytes, 
the other that they come from the fixed tissue (the fibroblasts of the 
adventitia of the blood vessels). The first view is the one most com- 
monly held. 

Wachter® considered that his case was to be classified from the 
clinical picture in the group of localized benign tumors, although the 
same plasma cell forms were seen as those described in the cases which 
were considered by other authors to be malignant. He believed that 
there was no pathologic evidence for considering it as having a chronic 
inflammatory basis. The same attitude was manifested by Facchini 
and Scalas in their discussion of the growth which they described. 
That such a structure could be a fibromyxoma with an infiltration of 
plasma cells was admitted, but they were of the opinion that their 
case lacked the evidences of chronic inflammation and of a granuloma- 
tous nature, the chief role being played by the cellular elements. The 
explanation of the etiology on a syphilitic basis was ruled out, they 
believed, by the repeatedly negative Wassermann tests and lack of 
specific clinical history and physical signs. Moreover, the epithelioid 
cells, tymphoc3des, fibroblasts, foci of caseous necrosis and of sclerosis 
usually found in syphilitic processes were wanting, as well as a lack 
of evidence of endarteritis obliterans and other vascular changes. That 
a neoplasm of plasma cells could take origin from the nasal mucosa 
was thought by them to be explainable, as it had been demonstrated 
by others that numerous plasma cells exist in the normal mucosa. 
What factors might cause these plasma cells to multiply in such a 
manner as to form a neoplasm, they realized was difficult to determine, 
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and a discussion regarding their nature would lead one into the difficult 
field of the general etiology of tumors. They called especial attention 
to the fact that a year following the removal of the tumor there was 
no evidence of recurrence, and they therefore considered that their 
case was an example of a benign plasmacytoma, as opposed to most 
of the other cases described, which originated in the bone marrow or 
lymphatic glands and gave rise to metastases to other parts of the 
skeleton or even to the mucosa. Facchini and Scalas concluded that 
plasmacytomas of the nasal mucosa are often of benign nature. Hiickel 
felt likewise that in his case the description justified the classification 
of the plasma cell tumor as a new growth as opposed to a simple reactive 
cellular infiltration. 


Among those cases which were definitely considered to be of a 
malignant nature, that of Rossle® is outstanding. He concluded that 
the tumor which he described was unquestionably malignant on the 
basis of its invasive character. Rossle questioned whether in such 
tumors metastases to mucous membranes could occur through implanta- 
tion. In this instance it was doubtful as to whether the point of origin 
was the mucosa or the bony posterior wall of the nose. He suggested 
that a malignant plasmacytoma is not so rare as generally believed, 
and perhaps in some instances has been unrecognized. Von Werdt'* 
believed that the plasma cell tumor described by him could be called 
a new growth because of its circumscribed form, the type and number 
of the cells, and the relation to blood vessels, and stated that it belonged 
to the group of sarcomas. He called it a plasmacytoma. Pallestrini 
belie'i^ed that his case, which was unquestionably malignant (as shown 
by its course), should not be called a plasmasarcoma. He preferred 
to classify it as an atypical and malignant plasmoma to stress better 
the derivation and structure of the neoplasm. Vogt® consideied that 
his case was a neoplasm which had metastasized to the lymph nodes. 
In his conclusions, however, he termed it a plasma cell granuloma and 
suggested that possibly the etiologic agent was an unknown noxious 


one. 

An inflammatory origin for the masses of plasma cells was advance 
by Borri.i® He believed that one must admit that with a general 
infection of long duration, such as tuberculosis or syphilis, 
a tendency toward a defense reaction characterized by tie pro | 
of plasmacytes. He considered both of his cases to have a syphffi^ 
basis. In these tumors the character and type of the cel u ar 
were, in his opinion, not indicative of a true neoplasm. He ga^ e 
tumors the name of “granuloma plasmacellulare as did ^ 
perhaps employed that term inadvisedly since he had pr 
the condition a neoplasm ivith metastases. 
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Still other writers, after discussing various possible ways of group- 
ing the tumors, reach no definite conclusions. Schridde^ stated that 
his case could not be considered a myeloma (malignant plasmoma) 
since tests for albumose in the urine were negative, and other evidence 
for this diagnosis was lacking. He expressed no definite views as 
to its nature. Kusunoki and Frank® gave their tumor the name of 
plasma cell granuloma, which they believed was due to an unknown 
toxic agent acting on the vessel walls causing a transmutation of the 
fibroblasts of the adventitia to plasma cells. Frank,'^ in a subsequent 
article discussing the same case, outlined arguments for and against 
the diagnosis of the tumor as a true neoplasm, a “leukemic-pseudo- 
leukemic” mass, or a granuloma. The history and clinical course 
did not support the diagnosis of a true neoplasm. Also the absence 
of invasion, and the formation of plasmacytes from the adventitial 
cells, rather than from preexisting plasma cells, were, in his opinion, 
against that hypothesis. If one defines the “leukemic-pseudoleukemic” 
tumor formation as an hyperplastic disease of the hematopoietic system, 
he felt that his case could not be so considered since the plasma cells 
there were not derived from specific elements of the blood-forming 
organs. Arguments for the granulomatous nature, aside from the 
localization, were the similarity of the process in the cervical nodes 
and nasopharyngeal mucosa, the marked growth of the adventitial cells 
of the vessels with transition into plasma cells, the latter cells them- 
selves, the richness of the capillary formation and the presence of 
necrosis and hemorrhage. In regard to the etiology in his case, he 
stated that no micro-organisms were found. Neither was there support 
from the clinical data nor the histologic signs for the diagnosis of 
tuberculosis or syphilis. In the case described by Bronzini,^^ that 
author considered that he was dealing with a neoplasm which was 
either a plasmacytoma or granuloma plasmacellulare. He excluded 
plasmasarcoma because of the clinical course. Syphilis was excluded 
by the history, physical examination and negative Wassermann test. 
He believed that sufficient criteria for the diagnosis of the growth as 
a true neoplasm were not present and he therefore preferred to call 
it a granuloma. 

Fairly numerous descriptions of plasma cell tumors that were located 
extramedullarly in other portions of the body than the nasal or naso- 
pharyngeal mucosa have been made. Some of these masses were 
accompanied by similar involvement of bony structures, but others did 
not have this complication. We will outline here the views of several 
of the authors concerning these tumors, since many of them are similar 
to ours structurally and vary only in their different locations and perhaps 
clinical course. Among those who claimed a benign neoplastic nature 
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for the plasma cell masses was Boit/® who wrote in 1907. He described 
an involvement of the false vocal cord by tumorous • plasma cells, and 
stated that on histologic grounds the prognosis was unfavorable, since 
both of the plasma cell tumors which had been previously reported 
weie of malignant nature. The lack of recurrence shown on e.xamina- 
tion several months following operation, however, suggested to him 
that possibly the plasma cell tumor was not malignant and perhaps 
bore the same relation to a malignant plasmacytoma that a lywphoina 
does to a lymphosarcoma. Hedinger,^’ in 1911, described a plasma- 
cytoma of the scalp which was combined with a malignant adenoma 
of the sweat gland. He felt that a long-standing inflammatory process 
caused the plasma cells to proliferate after the nature of tumor cells, 
until a definite large granulation plasmacytoma resulted. Kaufmann,- 
in discussing this case, stated that there are transitions from simple 
reactive infiltration to plasma cell granuloma, distinguished by marked 
cellular proliferation. Deutschmann claimed, however, that these 
growths are tumors only by exclusion, since the etiology of an inflamma- 
tion cannot be determined. 

A malignant nature was manifested in the case described by Hoff- 
mann in 1904, in which masses of plasma cells were found in the 
skull, sternum, clavicle, vertebrae, rib and liver. Micheliy® also in 
1904, reported a similar case in which, in addition to bone marrow 
masses, infiltration of the plasma cells was present in the liver and 
spleen. He considered this a plasma-cellular pseudoleukemia. In neither 
of these was there any involvement of the surfaces of the skin or 
of the mucous membranes. We are of the opinion that these were 
probably true multiple myelomas. Sternberg and Menne, cited by 
Kaufmann,"^ believed that the case of Hoffmann should be separated 
from the true myelomas because of the metastases to the liver. How- 
ever, actual metastases to internal organs in multiple myeloma are 
not uncommon. A careful review of cases made by Geschickter and 


16. Boit, H. : Ein Fall von Plasmocytom des Sinus morgagni, Frankfur . 

Ztschr. f. Path. 1:172, 1907. , 

17. Hedinger, E.: Zur Frage des Plasmacytoms, Frankfurt. Ztschr. . a 

7:343 1911. 

18. ’ Deutschmann, F.: Das Plasmom, die hyaline und amyloide Degeneration 

der Konjunktiva, Ztschr. f. Augenh. 27:242, 1912. rles 

19. Hoffmann, R.; Ueber das Myelom, besonderer Berucksjditigun. 
malignen Plasmoms, Beitr. z. path. Anat. u. z. allg. 

20. Micheli, F. ; Pseudoleucemia plasmacellulare, abstr., o i 

21. Sternberg and Menne. cited by Kaufmann, g ’^1216-1222. 

mann. Philadelphia, P. Blakiston’s Son & Company, 1929, rol. 4 pp. 
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Copeland" revealed rather numerous instances in which visceral 
metastases were reported. A case described by Alaresch showed 
plasma cell involvement of bone marrow, lymph nodes, spleen and liver. 
Here the tumors of the bone marrow were not prominent. He called 
this a plasma-cellular granuloma. It might well be considered, however, 
along with those of Hoffmann and Alicheli as a multiple myeloma. 
Kaufmann recognized the occasional occurrence of nodular myeloma 
in various viscera which produce the picture of metastatic nodules, but 
he believed that typical myelomas are not malignant tumors and that 
these heterotopic masses are not true metastases such as occur in 
malignant neoplasms, but are mereh- an expression of a systemic disease 
of the hematopoietic apparatus. In this connection we might mention 
the case of Ghon and Roman in which a diffuse plasma-cellular hyper- 
plasia of the lymphatic hematopoietic S3'stem was found, analogous to 
changes seen in leukemia and pseudoleukemia. Practically all of the 
organs as 'well as the bone marrow showed a varying degree of infiltra- 
tion of the plasma cells. In discussing a plasma cell tumor of the 
pleura, Klose held that it was malignant, since it invaded the adjacent 
soft parts. 

An inflammatory nature was suggested for a number of localized 
plasma cell tumors occurring in various sites such as the conjunctiva 
(Pascheff, Rados, Porkowsky, Franke and Baurmann) ; the lip (Kauf- 
mann) ; anus (Albrecht) and jaw (Pirone). These authors were cited 
by Hiickel.^- Baurmann considered carefulh- the conflicting question 
of the etiolog>" and nature of the tumors. He maintained that the 
criteria advanced by Boit and von Werdt to support their diagnosis 
of plasmacytomas as benign tumors were not in any sense conclusive. 
He also rejected Deutschmann’s claim that the diagnosis of tumor 
was made onR by exclusion, and held that it is justifiable to consider 
accumulations of plasma cells as an anatomic evidence of inflammation. 
Alagna,-® who made a rather extensive study of nasal polyps, divided 
them into two groups, which he called the serous and granulomatous. 
Definite structural differences were noted. In the serous type, a watery 
stroma, often cystic, was present, with only scattered cellular elements 

22. Geschickter, C, and Copeland. M.; :Multiple Mveloma, Arch Suro- 16- 
807 (April) 1928. 

23. ]\Iaresch, R. : Ueber ein plasmazellulares Lymphogranulom, Verhandl. d. 
deutsch. path. Gesellsch. 13:257, 1909. 

24. Ghon, A., and Roman. B. ; Ueber pseudoleukamische und leukamische 
Plasmazellen-Hyperplasie. Folia haemat. 15:72, 1913. 

25. Klose, H.: Ueber das Plasmocvtom der Pleura, Beitr. z klin Chir 74-^0 

1911. ■ • > 

26. .'Magna. G. : Die Plasmazellen bei Ohren-Xasen und Kehlkopfkrankheiten 
Virchows .A.rch. f. path. Anat. 204:135, 1911. 
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such as lymphoc 3 ^tes, neutrophilic polymorphonuclear cells and plasjna- 
cytes. In the granulomatous form, the polyps consisted of a structure 
identical with granulation tissue. In these the plasma cells were the 
predominant element, and in places they were so closely packed that 
it was difficult to find other types of cells. He believed that this type 
occurred only associated with infections of the nasal sinuses. He further 
suggested that the formation of true plasmomas from the granulomatous 
polyps may result from the continuous irritation of the secretions from 
the diseased sinuses. An association with syphilis was pointed out 
by Bunger (quoted by HiickeH^), who mentioned a case of primary 
syphilitic infection (spirochetes demonstrated) in which a diagnosis 
based on the microscopic signs of plasmacytoma was previously made 
by a competent observer. More recently, di Vestea^’’ described a 
massive plasma cell involvement of both tonsils in an 82 year old man. 
The patient’s Wassermann reaction was strongly positive, and tlie 
lesions disappeared following treatment with sodium caccodylate and 
mercury. He stated that in the simple hypertrophic form of syphilitic 
tonsillitis, a transition may take place to a plasmomatous hypertrophic 
form which represents a true neoplastic tissue of a specific inflamma- 
tory type. He quoted di Donato to the elfect that the plasma cell 
elements must be considered above all as an exponent of syphilitic 
specificity when their number is such that a true plasmomatous mass 
is constituted. Unna (cited by HuckeH^ and Ghon and Roman®'* and 
others), who was the first to use the expression plasmacytoma in 1891, 
described plasma cells as specific elements for lupus and other tubercu- 
lous processes of the skin. Since then, however, these cells have been 
found in other inflammatory reactions and in many normal organs. 

In regard to our cases, we believe that the evidence that our first 
case was neoplastic is not convincing. The infiltration of leukocytes 
in the tumor itself is marked. Moreover, the plasma cells are more 
typical in appearance than those seen in the second case. The structure 
in all suggests an inflammatory rather than a neoplastic nature. It Js 
true, however, that we have no proof of an etiologic agent. We vere 
unable to employ the special stains used for the demonstration o 
micro-organisms. In the second case, yve could find neither spiroc let 
nor tubercle bacilli. This, of course, of itself, does not^ rule out 
syphilitic or tuberculous origin. The history and clinical signs o no , 
however, suggest such a causation of the lesions. The marke var 
in size and shape of the plasma cells with the many giant arms, 
multinucleated, we believe is er^idence of a neoplastic natur 

27. di Vestea, D.; Plasmoma tonsillare e angina sifihtica, Valsaha 4. 

1928. 
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from an occasional double nucleated plasma cell, we have not observed 
this great variation in inflammatory infiltration of the plasma cells. 
The fact that plasma cell tumors of the bone (multiple myeloma), 
which our second case somewhat resembles in histology, are probably 
malignant tumors, suggests that the localized growths are likewise 
at least neoplasms. It may be objected by some oncologists that the 
instances with apparent location of the tumor only in the mucous 
membranes, are really cases of multiple myeloma, in which the bony 
involvement has not been demonstrated by necropsy or thorough roent- 
gen study. In our second case there was no roentgenologic evidence 
of bony involvement of the skull. In neither case were there clinical 
signs to suggest a bony involvement locally or elsewhere. It is extremely 
unlikely that a single metastatic growth in the mucosa of medullary 
origin could be present for at least two years without other clinical 
manifestations of the tumor process in the skeleton, viscera or elsewhere. 

The localized nature, the general architecture and the cellular struc- 
ture with absence of numerous mitotic figures indicate to us that the 
tumors in our second case should be classified as benign neoplasms of 
unknown etiology, to which the term “plasmacytoma” may be applied. 
The tumor in our first case had indefinite neoplastic characteristics 

and was probably inflammatory. 

> 

SUMMARY AND CONCLUSIONS 

1. Twelve cases of plasma cell tumors occurring in the nasal or 
nasopharyngeal mucosa have been reported in the literature. We have 
reviewed these and added two cases of our own. Of these, all but 
two occurred in men. 

2. Plasma cell tumors of the nasal and nasopharyngeal mucosa are 
probably much more frequent than the specific literature would lead 
one to believe. Undoubtedly many growths diagnosed clinically as 
nasal polyps and not studied microscopically have a predominant plasma 
cell structure. 

3. Accumulations of plasma cells may accompany S 3 ^philitic, tubercu- 
lous or other chronic inflammatory processes to such a degree as to 
simulate true neoplasms. 

4. Many of the plasma cell tumors are benign neoplasms. Most 
of the cases that appear malignant 'are probably manifestations of 
multiple myelomas. 
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In a lecent publication ^ on the subject of obstructive pulmonary ate- 
lectasis, two etiologic factors were described as being essential to its pro- 
duction, viz., bronchial obstruction and labored respiration or expiration 
against resistance. The latter of these two factors was contrary to the 
observations of Lee," Coryllos and Birnbaum ^ and others,* who had 
produced the condition experimentally with regularity, and who believed 
a quiet, shallow respiratory cycle to be one of the important factors in 
its etiology. This idea has been carried down from the time of Pasteur “ 
who, observing several cases of massive atelectasis associated with 
postdiphtheritic paralysis of the diaphragm, believed it due to a reduction 
in the depth of respiration. 

When an attempt was made to reproduce tlie results of other investi- 
gators, the factor of straining respiration was accidently encountered 
and massive atelectasis produced with routine regularity in its presence. 

That straining respiration was an essential factor in the production 
or massive atelectasis was made more evident, unfortunately, by several 
experiments ® in which there was complete stenosis of a bronchus for 
a period of weeks or months under normal living conditions with no 
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resulting atelectasis. This appeared to be striking evidence that foiced 
respiration was essential to the production of this condition. That this 
evidence was false will be brought out in the experiments to be described 
in this paper. 

In more recent investigative work’ dealing with the reparative 
processes of bronchi following injury, it was found that complete 
stenosis of a bronchus resulted from cauterization with a solution of 
silver nitrate. Much to our surprise, the total obstruction of the air 
passage was accompanied by massive atelectasis of the lobe of the lung. 
This was the stimulus for the following experimental work. 

EXPERIMENTAL WORK 

Our previous experiments entailed the use of an artificial obstruction 
to the air passages and proceeded in a manner by no means comparable 
to that in which massive atelectasis is produced clinically. The following 
experiments made use of an obstruction and mechanism that were 
entirely physiologic in the production of their results. 

Dogs were used exclusively. Their weights ranged from 11 to 
14 Kg. Morphine, 0.015 Gm. per kilogram of weight and atropine, 
0.0004 Gm. per kilogram, were administered from one to one and 
one-half hours before bronchoscopy. No other form of anesthesia was 
employed. The experiments were terminated by electrocuting the 
animals,® thus avoiding agonal phenomena. The lungs were examined 
grossly, micro scopicall}^ and roentgenologically. 

The experiments were divided into three groups. The first two 
groups dealt with the location of the obstruction in the air passages. 
The third group had to do with the role played by respiration. 

Typical protocols are as follows: 

Protocol 1 (dog 366 B). — Obstruction located in the primary bronchus of a 
pulmonary lobe (obstructing the entire lobe). 

This animal was cauterized bj'- the application of a 50 per cent solution of 
silver nitrate for ten seconds to the origin of the bronchus of the right middle lobe, 
and was killed two weeks later. Complete stenosis of the primar}- bronchus of 
the right middle lobe with 100 per cent atelectasis resulted. 

Feb. 20, 1930: A prebronchoscopic dose of 0.15 Gm. of morphine and 0.004 
Gm. of atropine was given bj^ hypodermic injection. With the dog secured in a 
dorsal position and a gag inserted in its mouth, a bronchoscope was introduced and 
carried down to the right primary bronchus. The origin of the bronchus of the 
right middle lobe was located and a cotton applicator saturated with a 50 per cent 

7. Adams, W. E., and Livingstone, H. JiL: Further Studies in Bronchial 
Injury and Repair, to be published. 

8. Hrdina, L. S. : Electrocution in Sacrificing Laboratorv .Animals, J Lab 
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resulting atelectasis. This appeared to be striking evidence that forced 
respiration was essential to the production of this condition. That this 
evidence was false will be brought out in the experiments to be described 
in this paper. 

In more recent investigative work ' dealing with the reparative 
processes of bronchi following injury, it was found that complete 
stenosis of a bronchus resulted from cauterization with a solution of 
silver nitrate. Much to our surprise, the total obstruction of the air 
passage was accompanied by massive atelectasis of the lobe of the lung. 
This was the stimulus for the following experimental work. 

EXPERIMENTAL WORK 

Our previous experiments entailed the use of an artificial obstruction 
to the air passages and proceeded in a manner b}’’ no means comparable 
to that in which massive atelectasis is produced clinically. The following 
experiments made use of an obstruction and mechanism that were 
entirely physiologic in the production of their results. 

Dogs were used exclusively. Their weights ranged from 11 to 
14 Kg. Morphine, 0.015 Gm. per kilogram of weight and atropine, 
0.0004 Gm. per kilogram, were administered from one to one and 
one-half hours before bronchoscopy. No other form of anesthesia was 
employed. The experiments were terminated by electrocuting the 
animals,® thus avoiding agonal phenomena. The lungs were examined 
grossly, microscopically and roentgenologically. 

The experiments were divided into three groups. The first two 
groups dealt with the location of the obstruction in the air passages. 
The third group had to do with the role played by respiration. 

Typical protocols are as follows : 

Protocol 1 (dog 366 B). — Obstruction located in flic piiniary bronchus of a 
pulmonary lobe (obstructing the entire lobe). 

This animal was cauterized by the application of a 50 per cent solution of 
silver nitrate for ten seconds to the origin of the bronchus of the right middle lobe, 
and was killed two weeks later. Complete stenosis of the primar}' bronchus of 
the right middle lobe with 100 per cent atelectasis resulted. 

Feb. 20, 1930: A prebronchoscopic dose of 0.15 Gm. of morphine and 0.004 
Gm. of atropine was given by hypodermic injection. With the dog secured in a 
dorsal position and a gag inserted in its mouth, a bronchoscope was introduced and 
carried down to the right primary bronchus. The origin of the bronchus of the 
right middle lobe was located and a cotton applicator saturated with a 50 per cent 

7. Adams, W. E., and Livingstone, H. M.: Further Studies in Bronchial 
Injury and Repair, to be published. 
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solution of silver nitrate introduced into it and allowed to remain for ten seconds. 
After removal of the cauter}^, the bronchial wall appeared corroded. The dog was 
then placed in its cage, still in a stuporous state. 

February 21 ; The dog was very quiet, appeared ill and did not eat. It did 
not cough or bark. 

February 22: The dog appeared the same; however, an occasional nonpro- 
ductive cough was noted. 

February 23: The dog was much better. It ate some, but the cough was 
still present. 

February 24; The dog appeared normal except for an occasional nonproduc- 
tive cough. 

February 25 : There was no cough on this date. 

February 27 : The dog appeared healthy and normal. 

March 5 ; Bronchoscopy was carried out as before. The origin of the 
bronchus of the right middle lobe was found to be completely stenosed. 

March 6 : The animal was electrocuted. 

At autopsy, the bronchus of the right middle lobe was found to be completely 
stenosed over a distance of 0.75 cm. The right middle lobe was 100 per cent 
atelectatic. It was dark bluish red, flabby in consistency and would not float 
when placed in water (figs. 1 and 2). Microscopic sections verified the diagnosis 
made from the gross examination (figs. 3 and 4). The larger air passages were 
dilated and filled with a mucogelatinous substace, the retained secretions of the 
mucous glands. The smaller air passages were completely collapsed (figs. 5 and 6). 

The results of thirty experiments comparable to protocol 1 were 
identical in every way. The number of applications of the cauterizing 
agent necessary to produce complete stenosis of the air passages varied 
from one to three, depending on the diameter of its lumen. Also the 
length of time consumed in producing complete stenosis varied from 
one to six weeks, depending on the diameter of the bronchus and also 
on the per cent of solution used in cauterization. A more detailed 
study of this will appear in a subsequent publication." 

If at autopsy the primary bronchus of a lobe was found to be 
completely stenosed, this condition was accompanied by massive atelec- 
tasis (100 per cent) of the obstructed pulmonary lobe. However, if 
the stenosis was all but complete, with an opening of only 1 mm. remain- 
ing, no atelectasis resulted. The lobe appeared normal both on gross and 
on microscopic examination. 

Protocol 2 (dog 213 B ). — Obstruction located in secondary bronchus of o 
pulmonary lobe (obstructing only a part of lobe; one-half or three-fourths). 

This animal was cauterized by the application of a 35 per cent solution o 
silver nitrate for ten seconds to the bronchus of the right lobe, just dista to 
origin, and Tvas killed two weeks later. Complete stenosis of only one o 
main divisions of the primary bronchus of this lobe occurred, but no ate ec 

resulted. . i onn^ 

March 13, 1930: A prebronchoscopic dose of 0.15 Gm. of morphine an • 

Gm. of atropine -was given by hypodermic injection. With the anima in a ° 
position with a gag inserted in its mouth, a bronchoscope was intro uce an 










Fig. 3 (dog 365B). — Microscopic appearance of sfenosed primary bronchus of a pulmonary lobe two 
weeks following cauterization with SO per cent solution of silver nitrate. A indicates the origin of the 
primary bronchus of the lobe and the proximal side of the stenosis; B, the distal side of the stenosis. 
Reduced from a magnification of X 7. 



r ' Pt \otc the 

Fio-. 4 (Dog 365B).— Higher magnification of the area of the bronchi?' 

lestroj-ed cartilage plates imetmiiigled with fibrous tissue, with “"’P " 3 „ 

,pitl.elium on either side of the stenosis, Eeduced from a otag.nficat.on of X H- 
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to the right primary bronchus. The origin of tlie lironchiis of the right lower 
lobe was located, and a cotton applicator saturated with a 35 per cent solution of 
silver nitrate was introduced into it to the level of division of the primary into 
the several secondary bronchi. It was allowed to remain for ten seconds. After 
remo%’al of the cautery, the bronchial wall appeared encircled by an area of 
corrosion. The dog was then placed in its kennel, still in a drowsy condition. 

March 14: The dog was quiet. It did not eat or bark, and appeared some- 
what ill, but would w'alk around. 



Fig. S (dog 365B). — Microscopic appearance of an atelectatic lung distal to a 
completely stenosed primary bronchus of three weeks’ duration following cauter- 
ization which was done ivith SO per cent solution of silver nitrate. A shows the 
dilated larger air passages filled with mucoid material (this entirely filled the 
lumen of the air passages before fi.xation) ; B, collapsed smaller air passages, and 
C, atelectatic parenchyma. Reduced from a magnification of X 9. 


March IS: There was little change in the animal’s condition. 

March 16: A nonproductive cough rvas occasionally noted. The dog ate some 
food, but was quiet. 

March 17: The dog was %ery well except for an occasional nonproductive 
cough. 

March 18; A slight cough was present. 

March 20: The dog appeared healthy and normal. 
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March 26: Bronchoscopy was repeated. The primary bronchus of the ri^lu 
lower lobe presented an opening about 1 or 2 mm. in diameter. 

March 26 : The dog was electrocuted. 

At autopsy the lateral secondary bronchus to the lower right lobe was coni- 
p etely stenosed, with the air passages distal to the stenosis dilated and filled with a 
mucogelatmous material, the retained secretion from the mucous glands. The medial 
secondary bronchus was markedly but not completely stenosed, an openJ" ol 

ThI dilatation distal to this incomplete stenosis, 

the entire lobe was normally air-containing on external examination and on cut 



Fig. 6 (dog 365B). — Higher magnification of area indicated by D in figure 5. 
Note the dilated bronchus surrounded by atelectatic parenchyma and filled with 
mucoid material. Reduced from a magnification of X 175. 


section. Pieces floated on the surface when placed in water. Microscopic section 
showed the alveoli to be air-containing (figs. 7, 8 and 9). 

The same results were obtained in ten experiments, protocol 2 beiiit, 
typical of this series. Various lobes of the lungs were used, like results 
being obtained with regularity. The duration of the experiments ■v\as 
also varied from two weeks to two months with no alteration ^ 
end-results. Thus, complete obstruction to the air passages of on } 
part of a lobe was not folloAved by massive collapse. Only a i 
of the larger air passages distal to the stenosis resulted, wit 1 1 le a ^ e 

normally air-containing. 











Fig. 7 (dog 213B). — Alicroscopic appearance of complete stenosis of secondar}' bronchus of a lobe of 
the lung and partial stenosis of remainder of air passage two weeks following cauterization with 35 per 
cent solution of silver nitrate. A shows complete stenosis with dilatation of air passage distal to the 
stenosis. Reduced from a magnification of X 6- 
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The factor of respiration in the production of massive atelectasis 
las been greatly discussed by the many writers on this subject, 
ihe following six experiments were carried out to determine if a 

certain type of respiration was essential to the production of this 
condition. 

Protocol 3 (dog 661 C).—Tofal obstruction of mi entire pulmonary lobe in 
the presence of normal respiration. 

_ This dog was cauterized by the application of a 35 per cent solution of silver 
nitrate for ten seconds to the origin of the bronchus of the accessory lobe and 




m 


■m 




Fig. 9 (dog 213B). — Higher magnification of area C in figure 7 showing 
dilated bronchus surrounded by normally inflated alveoli. Reduced from a mag- 
nification of X S5. 

killed two weeks later. Complete stenosis of the primary bronchus of the acces- 
sory lobe with 100 per cent atelectasis of this lobe resulted. 

May 20: A prebronchoscopic dose of 0.15 Gm. of morphine and 0.004 Gm. 
of atropine was given hypodermic injection. With the dog lying in ^ 
position and a gag inserted in its mouth, a bronchoscope was introduc an 
carried down to the right primary bronchus. The origin of the bronchus ° ^ 

accessory lobe was located and a cotton applicator saturated with per cei 
solution of silver nitrate introduced into it and allowed to remain or ten 
After removal of the cauterj^, the bronchial wall presented an area o 
encircling the lumen. The dog was then placed in its kennel m a stuporous 

condition. _ , , . 

May 21, 1930: The animal was very quiet, appeared ill and re use 
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!May 22 : An occasional nonproductive cough was noted. The dog appeared 
ill, refused food and was quiet. 

Jilay 23 ". The dog was somewhat better, but was still quiet. It ate littie, and 
tbe cough was still present. 

May 24; The cough was still present; otherwise the dog was quite well. Its 
appetite was good. 

May 25 : The dog coughed less frequently, and seemed quite well. 

May 27 ; The dog appeared healthy and normal. 

June 10: The animal was electrocuted. (No bronchoscopy was done prior to 
electrocution.) 

At autopsy, the primary bronchus of the accessory lobe was found completely 
stenosed for a distance of 0.75 cm. The Accessory lobe was found to be 100 
per cent atelectatic. It was bluish red and of tbe consistency of flabby muscle, 
and pieces sank readily when placed in water. The larger air passages were 
dilated and filled with a mucogelatinous material, the retained secretions of the 
bronchial mucous glands. The smaller air passages were completely collapsed. 
Microscopic sections verified the diagnosis made from the gross examinations. 

Protocol 3 is typical of the six experiments of this type, similar 
results being obtained in each. Thus, a particular type of respiration is 
unessential for the production of massive collapse, as it occurs in the 
presence of normal respiration. 

The association of massive collapse and pneumonia has recently 
received much attention.® It is the opinion of some®® that massive 
atelectasis is a precursor of pneumonia in a large percentage of cases. 

In some recent investigative work,®® it was found that the parenchyma 
of the lung of normal dogs was always infected with bacteria. In several 
of the foregoing experiments cultures were taken of the collapsed 
parenchyma of tbe lung. In each case the. same organisms were culti- 
vated as those found in the parenchyma of the lung of a normal dog. 
However, in no case of massive atelectasis was there associated any form 
of pulmonary suppuration. The pathogenicity of these organisms is 
being investigated at the present time. 

COHMEXT 

It has been generall)’- accepted among recent workers that the pro- 
duction of massive atelectasis is favored by the presence of a diminished 
respiratory effect. It is contended that this form of respiration leads 
to the collection and accumulation of secretions within the air passages. 

9. Coryllos, P. N . ; Postoperative Aponeumatosis and Postoperative Pneu- 
rnonia, J. A. M. A, 93:98 (July 13) 1929; Postoperative Pulmonary Complica- 
tions and Bronchial Obstructions, Surg. Gynec. Obst. 50:795, 1930. 

10. Coryllos, P. N., and Birnbaum, G. L.: Lobar Pneumonia Considered as 
Pneumococcic Lobar Atelectasis of the Lung; Bronchoscopic Investigation, Arch. 
Surg. 18:190 (Jan.) 1929. Henderson, Y.; Acapnia as a Factor in Post-Opera- 
tive Shock, Atelectasis and Pneumonia, J. A. jSI. A. 95:572 (Aug. 23) 1930, 

11. Livingstone, H. M., and Adams, W. E.; Bacterial Flora of the Lower 
Respiratory System of Normal Dogs, J. Infect. Dis. 48:282 (Alarch) 1931. 



510 


ARCHIVES OF SURGERY 


Thus with obstruction, atelectasis is produced by absorption of the 
imprisoned air by the blood. In our former experiments it appeared 
impossible to produce this picture in the presence of quiet respiration. 
However, an artificial means of obstruction was used, and experiments 
ran for only twenty-four hours or less. Our belief that a forced respira- 
tory effort was an essential factor was unfortunately strengthened by 
several experiments in which the air passage to part of a lung was 
completely obstructed without resultant atelectasis. A like result has been 
described in a number of experiments. Thus, when the obstruction in the 
lung is located in such a manner that all of the lobe is affected, complete 



Fig. 10. — Roentgenogram of a dog’s pulmonary lobe, to illustrate various loca 
tions in the air passages at which stenosis was produced. A shows the primary 
bronchus of the lobe of the lung, and B, the secondary bronchus. 


atelectasis follows. However, if a small amount of the lobe (one ur , 
one-fifth, etc.) is left unobstructed, no atelectasis is produced ( g- )■ 
It is the general belief that the lobules of a lobe of the lung 
a closed system in themselves. That is, there are no _ 

between the air passages of two or more adjacent 
Indeed, the anatomy of the lung has been carefully studie } 
under microscopic vision, resulting in the foregoing conclusion. 

12. Macklin, C. C.: The ifusculature 
Rev. 9:1, 1929. Reisseisen, F. D.: Ue^r Path! 3:161 (Feb.) 

Miller, W. S. ; Anastomosing Bronchi in Human L - 

1927. 
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ever, in view o£ these experiments it appears probable tl:at there are 
communications between the alveoli of the many lobules of a lobe of the 
lung’. The obstructed portion of the lung is evidently retained in the 
inflated condition by air passing this portal of entry, which explains why 
collapse is not obtained when a part of the lobe is left unobstructed. 

In the third group of experiments an attempt was made to eliminate 
all factors that might produce a forced respiratory effort. Massive 
atelectasis was always produced in the presence of normal respiration. 
That diminished respiratory excursion causes an accumulation of secre- 
tion in the air passages is still a debatable question. Many postoperative 
neurosurgical patients exhibit a shallow, effortless type of respiration for 
many hours, with seldom the production of massive atelectasis or pneu- 
monia. Also, it is not uncommon to see massive atelectasis in patients 
with a respiratory excursion of normal range. 

Clinical cases of obstructive pulmonary atelectasis may perhaps be 
divided into two groups according to the rate of production. Although 
as yet there has been no direct evidence of valvular obstruction pro- 
ducing massive atelectasis clinically, it appears likely that cases occurring 
within a few minutes after obstruction do so by means of a check- 
valve arrangement similar to that described in a former communication.^ 
There is another group of patients in which the condition develops 
slowly, over a period of hours. This is comparable to the rate at which 
atelectasis was produced in the foregoing experiments, which were con- 
trolled both bronchoscopically and roentgenologically. 


CONCLUSIONS 


1. Complete obstruction of the air passages of an entire pulmonary 
lobe was essential to the production of massive atelectasis. 

2. Complete obstruction of the air passages of part of a lobe was not 
accompanied by atelectasis of the obstructed part. 

3. No particular form of respiration was essential to the production 
of massive collapse. (The rate of production may be increased by a 
valvular obstruction and a straining type of respiration.) 

4. Communications appeared to be present between the alveoli o 

adjacent lobules of a pulmonary lobe in dogs. 

5. Pulmonary suppuration was not associated with obstructne 

pulmonary atelectasis produced experimentally in dogs. 


13. Bergamini and Sheppard: Ann. Surg. 86:35, 1927. Lilienthri, 

Sion on Leep, W. E.; Ravdin, I. S.; Tucker. G.. and Pendergrass, E.. sp 
mental Atelectasis, Arch. Surg. 18:242 (Jan.) 1929. 



CALCIFICATION IN THE SUBCUTANEOUS TISSUES 

REPORT OF A CASE ASSOCIATED WITH CHRONIC ATROPHIC 

ARTHRITIS * 

HAROLD J. SHELLEY, H.D. 

Assistant Attending Surgeon, St. Luke’s and Knickerbocker Hospitals 

XnW YORK 

A brief resume of the various theories advanced to explain the for- 
mation of the deposits of calcium or calcification follows. 

Pauli and Samec ^ showed that in a colloidal albuminous solution, 
calcium carbonate and calcium phosphate are many times more soluble 
than in water. These salts could therefore be carried in the blood in 
nearly the same form as they are found in the deposits. 

Holt, La Mer and Chown ^ demonstrated that blood serum is nor- 
mally saturated up to 200 per cent with neutral calcium phosphate, and 
that this salt will remain for days without precipitating. They thought, 
however, that most of the calcium is carried in the form of the much 
more readily soluble acid carbonate and acid phosphates which may be 
changed into the neutral salts by the loss of carbon dioxide. 

BariUe ® held that cakium is contained in the blood as a double salt, 
calcium carbonophosphate, unstable and soluble only in the normal 
concentration of carbon dioxide in the blood. If the carbon dioxide is 
reduced locally, this unstable double salt breaks down into its two 
constituents which are then converted into the neutral carbonate and 
neutral phosphate in the proportion in which these salts are found in 
bone. 

Wells ^ found that this proportion b}'- weight is 15 parts of calcium 
carbonate to 85 parts of calcium phosphate, i. e., in the proportion of 
1 molecule of carbonate to 3 of phosphate. In pathologic calcification, 
he found these two salts in the same proportion. 

Submitted for publication, Dec. 5, 1930. 

1. Pauli, W., and Samec, M. : Ueber Loslichkeitsbeeinflussung von Elec- 
trolyten dutch Eweisskorper, Biochem. Ztschr. 17:235, 1909. 

2. Holt, L. E. ; La IMer, Y. K., and Chown, H. B. : Studies in Calcification : 
I, II and III, J. Biol. Chem. 61; 509, 1925. 

3. Barille, A.; De Taction de Tacide carbonique sous pression sur les phos- 
phates metalliques •, combinasion (carbonophosphates) ou dissolution, applications 
diverses, J. de pharm. et chim. (series 6) 19:14, 71, 196, 245 and 295 1904- (series 
7) 1:342, 1910. 

4. Wells, H. G. ; Pathologic Calcification. J. M. Research 9:49], 1906: 
Chemical Pathology, Philadelphia, W. B. Saunders Company, 1918. 
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Banlle ® and Wells ^ explained pathologic calcification because of the 
supposition that the blood and tissues hold their calcium salts in solu- 
tion only because of a fixed content of carbon dioxide in the same 
solution. When the amount of carbon dioxide is decreased beyond 
a certain point, the salts precipitate. In places of low grade activity, 
the content of carbon dioxide would probably be low. Such situations 
would exist in areas of necrosis or fibrosis, thrombosed vessels or 
hematomas and the colloid in the thyroid gland. 

Ivlotz ® explained calcification in certain areas of necrosis as follows ; 
Fatty acids form in the necrotic tissues and react with soluble sodium 
and potassium salts dn the blood and tissues to form soaps. Soluble 
calcium salts react with the soaps to form insoluble calcium soaps 
which are precipitated. By the constant exposure of the soaps to the 
influence of carbonate and phosphates in the body fluids, a gradual 
conversion of the calcium soaps into calcium carbonate and phosphate 
occurs. 

Watt ® and others could find no evidence that cellular activity pla3^ed 
a part in the formation of deposits of calcium. 


REPORT OF CASE 


History. — Mrs. S. C., aged 63, a widow, a housekeeper, was born in Canada 
and spent her entire adult life in various parts of the United States. She was 
referred in October, 1929, by Dr. Carl B. Davis of Chicago, because of tender 
nodules beneath the skin of the buttocks, the hips and the left forearm. 

In 1915, she was seen by Dr. E. E. Irons of Chicago, at which time she had 
a maxillary sinusitis, a number of retinal hemorrhages, a high grade secondary 
anemia and chronic arthritis. Her blood pressure was 115 systolic and 70 diastolic; 
the urine was normal; the Wassermann reaction of the blood was negative. She 
then had treatments for the sinusitis, and several abscessed teeth were removed. 

Early in 1920 she first noticed some tender lumps in the left buttock, which 
at times were painful. On Aug. 21, 1920, Dr. James I. Case of Battle Creek 
Sanitarium excised one for diagnosis. 

The pathologic report by Dr. A. S. Warthin was as follows: 

When cut open, the mass appeared to be more or less tubular. The interior 
of these tubes contained a white semiliquid material. Microscopic examination 
showed masses of deposits of lime salt surrounded by trabeculae of dense con 
nective dssue. The deposits were in areas suggestive of fat lobules. They were 
the so-called “fat-stones,” calcification following the necrosis of fat. There were 
also areas of old hemorrhage showing foreign body cells and phagocytes contain 
ing hemosiderin. This could probably be explained by some old traumatic injury. 

The diagnosis was calcification following the necrosis of fat. 


5. Klotz, O. : Studies upon Calcareous Degeneration, J. Exper Med. 7:63J 

1905 ; On the Presence of Soaps in the Organism in Certain at w ogica 
tions. Am. J. Ph}^sioI. 13:21, 1905. r ^ Car- 

6 . Watt, J. C.: The Deposition of Calcium " .) 3925 ; 

bonate in Bone and in Areas of Calcification, Arch. Surg. • 3927 . 

The Deposition of Calcium Salts in Areas of Calcification, ibi . • 
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During the following four years, similar tender lumps appeared over the right 
hip and in the right buttock in the region of the ischial tuberosity. These were 
excised by Dr. Carl B. Davis on May 7, 1924. 

The pathologic report from the laboratory of the Presbyterian Hospital, Chi- 
cago, was as follows; 

Macroscopic Examination —The tissue consisted of two masses, each contain- 
ing a rather large, hard, firm nodule, about w’hich was a cluster of smaller 
nodules. One large nodule w'as adherent to the skin. On cut section, there was 
a thick, whitish substance resembling white lead which oozed out. 

Microscopic Examination — There were many w'ell defined areas containing an 
opaque and granular substance. These were surrounded by a dense fibrous con- 
nective tissue. In a few areas the granular substance resembled crystals. 



Fig. S. — Roentgenogram, showing the tw'o groups of nodules in the buttocks 
The femoral arteries are markedly calcified. 


The diagnosis was subcutaneous calcification. 

The patient was admitted tq St. Luke’s Hospital on Oct. 24, 1929. Since her 
discharge from the Presbyterian Hospital, similar tender nodules had appeared 
over the left hip, and those on the left buttock had increased in number and size. 
She had struck her left forearm, and a permanent tender sw^elling appeared at the 
site of the injur 3 '. The arthritis and the severe anemia had never shown any 
improvement. The fourth toe on the left foot had developed into a severe grade 
of hammer toe. 

Physical Examination — Physical examination show^ed an anemic, poorly nour- 
ished white w'oman. The skin was very dry and in areas, particularly over the 
cubital fossae, had the appearance of containing a white chalky deposit. Over the 





Fig. 6. — Roentgenogram of the nodule over the left ulna. The arrangement 
of the calcification in the nodule is shown better here than in the other figures. 
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left iliac fossa and posteriorly in the left buttock were small, irregular, hard, 
movable masses. The}"^ varied in size from that of a pea to that of a walnut. 
Some were adherent to the skin, and others could be moved freely beneath the 
skin. There was a more superficial nodule on the dorsal aspect of the left fore- 
arm. The fourth toe of the left foot showed a severe grade of hammer toe. All 
of the joints of the hands and feet were nodular and limited in motion. 

Laboratory E-vaviiaatiou.—The blood count showed : hemoglobin, 57 ; red 
cells, 2,900,000; white cells, 5,400; polymorphonuclear leukocytes, 52, and lympho- 
cytes, 48. The morphology of the red blood cells was normal, except for a slight 
poikilocytosis. The Wassermann reaction was negative. 

Chemical analysis of the blood showed; urea nitrogen, 10 mg.; sugar, 100 
mg.; uric acid, 2.8 mg.; plasma chlorides, 6.5 mg., and calcium, 11.8 mg. per 
hundred cubic centimeters of blood. The coagulation time was two minutes. 

The urine was normal, except for a few pus cells. 

The basal metabolic rate was — 12 per cent. 

Roentgen Examination. — Films of the pelvis, taken on October 25, showed 
deposits of calcium in the region of the left hip about half way between the crest 
of the ilium and the greater trochanter. This calcified mass of bodies appeared 
to be in the soft tissues. There was also calcification in the soft tissues in the 
area of the buttocks, especially on the left. 

Two inches beyond the left elbow was a cluster of calcified bodies in the soft 
tissues. The joints, particularly of the hands, feet and spine, showed a marked 
atrophic arthritis. 

There was generalized calcification in the Nvalls of the arteries. The fields 
of the lungs appeared clear. Examination of the nasal accessory sinuses showed 
them to be fairly clear throughout. There was a slight thickening in the region 
of the right ethmoid. 

Operation, — On October 26, with the patient under general spinal anesthesia 
and local anesthesia in the arm, all of the palpable nodules were excised. The 
hammer toe was amputated. When cut, the skin gave a marked grating sensa- 
tion. The nodules were found to be in the subcutaneous fat. Those over the hip 
were adherent to the fascia lata. 

Pathologic Examination (by Dr. Leila C. Knox). — Macroscopic Examination: 
The specimen consisted of six pieces of tissue from the arm, buttock and iliac 
region and a hammer toe. The latter showed no lesions, except the angulation 
at the interphalangeal joint and a callosity of the dorsal side. The other frag- 
ments varied in size, the largest being 7 by 6 by 3 cm., with an area of normal 
skin. The masses were very hard and consisted of about half fat; the rest was 
a solid grayish tissue in which were many calcified yellowish areas. 

Microscopic Examination; Sections of the tissue showed fibrous trabeculae 
nearly filled with amorphous and crystalline material. Most of it was calcified. 
There was no formation of bone and no cellular tissue. These areas were sur- 
rounded by a few fibroblasts or hyaline fibrous material from the subcutaneous 
fascia. Occasionally there were .considerable numbers of foreign body giant cells 
surrounding the smaller calcified nodules. 

Chemically, this substance consisted mostly of the salts of calcium with small 
amounts of magnesium and traces of other metallic substances. 

There was no tumor or tuberculosis. 

Diagnosis. — The diagnosis was calcified nodules in the subcutaneous fat of the 
arm and the buttocks ; hammer toe. 
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SUMMARY 

A case showing peculiar areas of calcification in the subcutaneous 
tissues is reported. The appearance of the skin and the grating sensa- 
tion when it was cut would appear to indicate the presence of a fine 
deposit of calcium in the skin also. 

Although the majority of the deposits showed a bilateral symmetry, 
their locations were such that trauma could be the etiologic factor in 
producing conditions that favor calcification. The deposit on the fore- 
arm followed a definite and severe blow in the exact location. The 
buttocks over the ischial tuberosities and the areas above the greater 
trochanters receive constant trauma, particularly in a very thin person, 
as was the patient in the case reported. 

It is of interest that this condition should be found in a patient 
with a marked atrophic t3'pe of chronic arthritis. The density of the 
bones is much decreased, even though the skin and subcutaneous tissues 
contain deposits of calcium. The chemical composition of the blood 
and the basal metabolism do not appear to have any relation to the 
local condition, unless the low basal metabolic rate and anemia give 
a low carbon dioxide content in the tissues. Conditions favorable to 
a deposit of calcium salts would then be much more readily created. 

The severe grade of anemia is probably a part of the long- 
standing arthritis. 

1148 Fifth Avenue. 
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CONGENITAL DEFORMITIES 

Congenital Dislocation of the Hip . — Evans ^ reexamined twenty-five 
of seventy patients with congenital dislocation of the hip whom he had 
treated between 1903 and 1920. He found one bad, two poor, thirteen 
good and nine perfect results, using function as a criterion. Roentgen 
examination showed that of the thirty-two hips reduced, there were three 
anterior transpositions, fiA^e eccentric nearthroses, sixteen concentric 
reductions and eight normal hips. The treatment in these cases was 
closed reduction, followed bj’’ prolonged fixation in one position (90 
degrees of flexion, 70 degrees of abduction, 0 degrees of rotation) for 
a period varying from one to eighteen months. Evans allowed walking 
at once with a 6-inch (15.24 cm.) patten, but after removal of the 
plaster, the child was kept recumbent for three months and allowed 

* This Report of Progress is based on a review of 163 articles selected from 
393 titles dealing with orthopedic surgery- appearing in the medical literature 
between Jan. 1, 1931, and April 4, 1931, supplemented by a few articles of older 
date. Only those papers that seem to represent progress have been selected for 
review. 

1. Evans, E. L.: Brit. M. J. 2:1035 (Dec. 20) 1930. 
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to kick about in bed by day and held splinted in the old position by 
night. Foi three months after walking had recommenced, a patten of 

inches (3.77 cm.) was worn on the sound side to hold the affected 
leg abducted. 

Kidner stated that the tightly stretched and thickened capsule was 
the chief obstruction in reducing congenital dislocation of the hip in 
children under 10. He advised in such cases incising the capsule in a 
longitudinal plane, freeing particularly the adhesion of the capsule from 
the side of the ilium, in this way exposing the true acetabulum. After 
this was done he found that reduction of the dislocation was relatively 
easy, and that the position was maintained without great difficulty. 

GROWTH DISTURBANCES OF BONE 

Kohler’s Disease . — Sauer ^ found Kohler’s disease of frequent 
occurrence without symptoms. The condition was often found in roent- 
genograms of the feet, which were taken for other diseases. He believed 
that it was produced by the presence of more than one center of ossi- 
fication in the scaphoid bone. One case was followed in which there 
were two centers of ossification which later developed into typical 
Kohler’s disease. 

[Ed. Note. — The evidence produced is not sufficient to convince 
us that multiple centers of ossification in the scaphoid bone are the neces- 
sary cause of Kohler’s disease.] 

Infantile Patella. — Mau^ described changes in roentgenograms of 
the patellae of children, which resembled the growth disturbances seen 
in many other epiphyses. In severe cases there was an apparent partial 
necrosis of the patella. The subjective symptoms were very mild. 
Prognosis was excellent in most cases. The author believed that the 
condition was an aseptic necrosis due to abnormal strain or pressure. 

RICKETS AND DISTURBANCES OF CALCIUM METABOLISM 

Rickets . — ^Holmes ® voiced the opinion that vitamin D and viosterol 
were not identical substances. He reviewed the clinical and laboratory 
studies on the antirachitic properties of vitamin D found in cod liver oil 
and compared it with that of viosterol. The data that he gathered stig 
gested that in the treament for rickets either vitamin D as it occurred m 
cod liver oil possessed properties not present in viosterol, or that vitamin 
A or some other substance in cod liver oil enhanced the antirachitic vita 

2. Kidner, F. C; J. Bone & Joint Surg. 13:104, 1931. 

3. Sauer, W.: Fortschr. a. d. Geb. d. Rontgenstrahlen 40:679, 1929. 

4. Alau, C. : Deutsche Ztschr. f. Chir. 288:1, 1930. 

5. Holmes, A. D.: New England J. Med. 204:211, 1931. 
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min so that it became more effective in the treatment for rickets than 
equivalent units of viosterol. 

Compere® studied the roentgen changes and the chemical reactions 
in the blood in ten rachitic infants and one nonrachitic patient and found 
that administration of cod liver oil with phosphorus was more effective 
in healing rickets than was administration of cod liver oil alone. When 
such patients were placed in ideal antirachitic surroundings and also 
given cod liver oil in doses of 3 to 6 teaspoonfuls daily with phosphorus, 
the calcium and phosphorus in the blood increased rapidly, and the heal- 
ing process in the bone as shown by a roentgenogram progressed very 
rapidly. Phosphorus when given alone had little effect on the calcium 
and phosphorus content of the blood unless there had been previous 
stimulation by ultraviolet irradiation or the administration of cod liver 
oil. 

Bunker and Harris " studied the antirachitic protective action of 
various portions of the light spectrum. Rats were given the Steenbock 
rachitic diet, and were exposed to mercury vapor lamps of standardized 
voltage and distance. They found that the light given by the lamp gave 
uniform protection, but that if it was followed by exposure to the infra- 
red portion of the spectrum alone, only one third of the animals were 
protected. If the infra-red exposure preceded the exposure to the entire 
spectrum from the lamp, two thirds of the animals were protected against 
rickets. Exposure to infra-red alone gave no protection. Where all 
light below 3,000 angstrom units was filtered out and infra-red was 
present, 23 per cent of the animals were protected. If all light below 
3,000 angstrom units plus the infra-red was filtered out, 43 per cent 
of the rats were protected. 

Calchim in the Healing of Fractures . — Speed ® concluded from his 
studies on dogs and in a series of consecutive cases in human beings 
that the diminution of the calcium-phosphorus ratio in the blood had 
little or nothing to do with the rate of healing of fractures, and that such 
determinations offered little in helping determine a prognosis as to the 
speed of union. 

Osteitis Fibrosa. — Hunter® reported a case of osteitis fibrosa in a 
37 3 "ear old woman, who was treated by parath 3 Toidectomy. There was 
marked improvement following the operation with increase in weight, 
disappearance of pain and restoration of menstruation. The bony 

6. Compere, E. L.: Effect of Phosphorus on Rickets; Roentgenologic 
Changes in Rickets Following Administration of Phosphorus Am. T Dis 
Child. 40:1177 (Nov.) 1930. 

1930^ J- Harris, R. S.: Am. J. Pub. Health 20:1287, 

8. Speed, K.: J. Bone & Joint Surg. 13:58, 1931. 

9. Hunter, D. ; Proc. Roy. Soc. Med. (Clin. Sect.) 24:40, 1930-1931 
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tumors (osteoclastomas) gradually disappeared, although b}' roentgen 
examination the bone density remained the s^ime. Tetaiu- followed 
operation and lasted seventeen days. Parathyroid extract-Collip was 
given fiom the sixth to the trventy-sixtli day. The serum calcium, which 
before operation was about 12 mg. per hundred cubic centimeters, 
dropped to about 9 mg. ; the plasma phosphorus was unchanged. The 
excretion of calcium, although considerably lower after operation, still 
remained higher than the intake of calcium five months after the opera- 
tion. The histologic appearance of the parathyroid suggested hyper- 
plasia and exceptional functional activit}- rather than an autonomous 
neoplasm. The bone tumors could not be differentiated from the giant 
cell tumors occurring at the ends of long bones in skeletons free from 
general change. 

Parathyroid Disturbances. — Quick and Hunsberger reported a case 
of hyperparathyroidism in a man of 21 who became helplessly deformed 
in three years. The first S 3 'mptoms rvere polj'dipsia. pohairia. a per- 
sistently milky urine and sharp myositic and arthritic pains. The 
roentgenograms showmd decalcification of the bones and considerable 
calcification of the peripheral arteries. A persistent Iwpercalcemia was 
found. A parathjmoid tumor was found and removed with considerable 
difficult)^ General improvement followed the reinoval of the tumor. 
The authors advised the use of vitamin D or viosterol to minimize para- 
thyroid tetany and to hasten the recalcification after the removal of a 
parathyroid tumor. 

Parathyroid Extract. — In an editorial in The Journal of the 
American Medical Association the influence of parathyroid extract on 
bone salts was discussed. A hypofunction of the parathyroid gland 
appeared to exert an inhibiting effect on the rate of healing of fractures 
while administration of the glandular hormone seemed to favor calci- 
fication and union of fractures. When parathyroid extract was injected, 
a marked increase in the blood calcium resulted. Experiments by Tsai 
and Hsu afforded evidence that the origin of the increased calcium con- 
centration was from the bones. The difficult}' of raising the blood cal- 
cium level by giving large doses of viosterol to parathyroidectomized 
animals and the failure to raise the concentration of calcium in the blood 
of animals deprived of vitamin D were additional suggestive observa- 
tions that the calcium came from the bones through the stimulus of paia- 
thyroid extract. As studies of the calcium balance in lactation also 
showed, the bones were a readily available reservoir of mineral salts. 
Extraction and deposition of calcium in relation to the bones were 

10. Quick, A. J., and Hunsberger, A., Jr.: Hyperparathyroidism: Clini- 
cal Picture in Far Advanced Stage, J. A. if. A. 96:745 (Harch 7) 19j1. 

11. Influence of Parathyroid Extract on Bone Salts, Editorial J. A. M. A. »&• 
443 (Feb. 7) 1931. 
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probably being carried on constantly in the body after the removal of 
a parathyroid tumor. 

TUBERCULOSIS 

Future Research. — Long/“ in discussing the recent advances in 
research on tuberculosis, mentioned the finding of nonacid-fast forms 
of the tubercle bacillus which were highly pathogenic, but which were 
rarely found in cold abscesses. Pleomorphic forms and even filtrable 
viruses produced the pathologic picture of tuberculosis in animals. 
Another advance was the division of tubercle bacilli into rough and 
smooth forms, the smooth form being of high pathogenicity and growing 
best in alkaline mediums and the rough form of low virulence and 
growing best in acid mediums. The rapid changes in form and virulence 
in the same strain of the bacillus tuberculosis, the author considered a 
potent argument against vaccinatipn for tuberculosis. Opinions in 
tuberculosis of any type should be based on disturbed function rather 
than on altered structure and should never be based on roentgenograms 
alone. In the treatment for the disease no specific drug had been found 
of definite value. The increased application of heliotherapy was the best 
measure in nonpulmonary tuberculosis. A high monoc\i:e count was of 
unfavorable significance. The future work should be on prevention of 
transmission rather than on vaccination which was still suh judice. 

Treatment . — Gaugele advocated the use of careful, active, assisted 
motion in tuberculous joints after the acute stage was past in preference 
to the older method of immobilization for a long period of time with 
the hope that bony ankylosis would result. The patients treated this way 
were either kept in traction or used nonweight-bearing splints (Hessing 
type) for a long period. Earl}’- results were good, but no case is of 
long enough duration for final judgment to be passed. 

SPIKAL LESIONS AND BACK PAIN 

Intervertebral Disk . — Schmorl pointed out that calcification of the 
nucleus pulposus of the intervertebral disk was a rather rare occurrence. 
Very rarely the whole disk was calcified. The calcification of the nucleus 
was a sign of degeneration. Calcification and ossification were not the 
same. In infectious spondylitis the intervertebral disks were rarely 
affected. 

Lyon disagreed with the opinion of Schmorl that the intervertebral 
disks were but rarely affected in infectious spondylitis on the basis of 
the literature and x-ray pictures. In typhoid spondylitis the interverte- 
bral disk was often calcified in the healing process. 

12. Long, E. R.: Colorado Med. 28:5, 1931. 

13. Gaugele, C.: Chtrurg. 2:163, 1930. 

14. Schmorl, G. : Fortschr. a. d. Geb. d. Rontgenstrahlen 40:18, 1929. 

15. Lyon, E. ; Fortschr. a. d. Geb. d. Rontgenstrahlen 40:635, 1929. 
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Schmorl described small enchondromas on the posterior aspect of 
the intervertebral disks. He believed that they originated through the 
tearing off of the edge of the intervertebral disk; the soft tissue of the 
nucleus pulposus was then forced out beneath the posterior longitudinal 
ligament and cartilage proliferation followed. Where the enchondroma 
was somewhat calcified, it could be demonstrated in the roentgenograms. 

[Ed. Note. — Schmorl’s studies of spinal pathology have been far- 
reaching and his contributions on lesions of the nucleus pulposus deserve 
careful study.] 

Lozv Back Pain . — Miltner and Lowendorf reviewed the records 
of 2,050 cases of low back pain at the University of Iowa Hospital, and 
found the causative factors to be as follows: (1) osteo-arthritis, 1,350 
cases; (2) sacro-iliac and sacrolumbar strain, 525 cases; (3) muscle' 
strain. 100 cases; (4) lumbar myositis, 25 cases, and (5) rarer lesions, 
such as fractures of the transverse process, spondylolisthesis, etc., 50 
cases. 

They emphasized the importance of a careful history and an accurate 
physical examination, making use of the special tests in a differential 
diagnosis. The roentgenogram was relied on relatively little except as 
a means of ruling out gross deformity or disease. The chief means of 
treatment consisted of (1) rest in the acute cases followed by (2) 
physical therapy and exercises supplemented by support in the form of 
(3) brace or belt, (4) manipulation, and (5) operative treatment, which 
was resorted to only in the resistant cases. 

Spondylolisthesis . — According to Meyerding,^® prior to 1900 only 
125 cases of spondylolisthesis had been recorded in the literature, and 
all but 6 of these had been reported by obstetricians or gynecologists. 
With the perfection of roentgen technic, however, the diagnosis became 
easy. From 1918 to 1930, 121 cases were observed at the Mayo Clinic. 
Sixty-two per cent were in males, and the average age was 37 3 ears. 
Thirtj’-eight per cent ascribed the deformity to trauma. The sj’mptoms 
were low backache, pain in the legs, and at times numbness and tinging. 
Rest usually gave relief, as did a plaster jacket or brace. Fusion 0 ti 
lumbosacral spine, however, offered the most permanent form 0 re le^ 

Four cases of spondylolisthesis were reported by 
which the conditions seemed to be due to a congenital 
posterior arch of the fifth lumbar vertebra. In two of these 
was a cleft in the pedicles with a wide separation of the stipe 

16. Schmorl, G. : Fortschr. a. d. Geb. d. Rontgenstrahlen 0i 

17. Miltner, L. J., and Lowendorf, C. S. : J. Bone & 

18. Meyerding, H. W.: J. Bone & Joint Surg. 13:39, 1931. 

19. Kleinberg, S. ; Am. J. Surg. 10:521, 1930. 
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inferior articular processes. In the other two the laminae were attenu- 
ated and abnormally long. In all of these cases trauma was an important 
factor in bringing on symptoms. The author believed that a fusion 
operation was imperative where there was a cleft in the pedicles. In 
the type with abnormall}' long laminae some external spinal support 
should first be tried for the relief from pain. 

POLIOMYELITIS 

Immunization . — A recent editorial in The Journal of the American 
Medical Association gave a summary of the knowledge on immunolog}- 
in poliomyelitis. Most investigators were convinced that poliomyelitis 
was caused by one of that still vague category of agents, the filtrable 
viruses. Flexner and Lewis and Levaditi and Landsteiner discovered 
in 1910 that the serum of patients convalescent from poliomyelitis was 
capable of neutralizing the filtrable virus. According to Park, the serum 
from slight abortive cases was on the average as potent as that from 
pronounced cases. The serum of many persons who have never had 
poliomyelitis contained antibodies, but these were not so potent as in 
the serum of convalescent cases. The antibodies remained for a long 
time in the blood of persons who were convalescent. Rhoads recently 
discovered that poliomyelitis virus could be inactivated by suspensions in 
aluminum hydroxide. This reaction was promoted by an acid medium 
and could be prevented by an alkaline environment. The striking fea- 
ture, however, was the demonstration that the virus, when absorbed in 
aluminum hydroxide, was incapable of producing poliomyelitis but was 
still capable of inducing active immunity in monkeys (Macacus rhesus). 
In a small series of animals thus immunized symptoms of experimental 
poliomyelitis did not appear, and in only one was the degree of immunity, 
although adequate to protect against nasal injection, sufficient to pro- 
tect against intracerebral injection of virus. Intracerebral inoculations 
of the aluminum suspension alone were without pathologic effect. The 
mere recital of these experiments offers a bright prospect of helpful 
possibilities in the attack on infantile paralysis. It has depended and 
will continue to depend on animal experimentation. 

Stewart and Platou stated that the use of convalescent serum was 
of definite value in the preparal 3 i:ic stage of poliomyelitis. They advised 
the use of from 20 to 30 cc. intrathecally and 50 cc. intravenously. They 
advised a wider use of prophylactic doses of from 10 to 20 cc. of con- 
valescent serum subcutaneously to exposed children during an epidemic. 

20. Immunization Studies in Poliomyelitis, Editorial, J. A. M. A. 96 • 119 fjan 
10) 1931. 

21. Stewart, C. A., and Platou, E. S. : Alinnesota Med. 14:42, 1931. 
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Neustaedter -- reviewed the work of Flexner in which immune bodies 
against poliomyelitis could not be obtained after the injection of filtrable 
virus into the horse. In 1916, the author injected into a horse tryp- 
sinized filtrates of cord and brain suspensions of children that died of 
poliomyelitis. The serum of this horse protected one monkey completely 
from an intracerebral inoculation of 0.5 cc. of a 5 per cent suspension 
of a very potent virus. Since that time three more horses have been 
inoculated with equally good results. It was found possible to concen- 
trate this serum sufficiently to neutralize 100 parts of poliomyelitis virus 
in vitro. The author stated that the efficacy of this serum, and that of 
Pettit of Paris who followed his method, had been shown in over sixty 
frankly paralytic cases of poliomyelitis. 

Diagnosis . — ^Allaria gave a resume of the present knowledge 
determining the diagnosis of acute anterior poliomyelitis, paying especial 
attention to the importance of abortive cases and of so-called carriers. 
He stressed the importance of quarantine and urged that it be carried 
out for a month, or better, for a month and a half. The author stated 
that the use of serum from patients who have recovered was of value if 
given early, as was probably also the serum from horses immunized 
by the method of Pettit. 

[Ed. Note.— -Evidence is steadily accumulating that tends to show the 
value of serums in the preparalytic stage of poliomyelitis. Unfortu- 
natel}'’, it is in this stage that diagnosis is peculiarly difficult. The 
development *of mass immunization or a rational form of temporary 
immunization during epidemics is suggested by these papers as a possi- 
ble method of bringing the disease under control.] 


PYOGENIC INFECTIONS 


Osteomyelitis of the Spine. — Carson"^ recorded four cases of sub- 
acute osteomyelitis of the spine, three in adults and one in a child. All 
recovered. In three of the four the illness began with a boil on the skin. 
The genito-urinary tract was also involved in every case. Staphylo- 
coccus aureus was cultivated from all four patients. Three developed 
an abscess in connection with the spine. Attention was directed to the 
spine hy severe nerve root pain. 

Epiphysitis.— Miller studied seventy-seven cases of acute transient 

epiphysitis of the hip. The average age of the patients was years. 


22. Neustaedter, M.; Antipoliomyelitis Horse Serum, J. A. M. A. 96.933 
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The average duration of the symptoms before admission to the hospital 
was seven weeks. The average temperature on admission was slightly 
more than 100 F., and elevation of temperature was noticed for five 
weeks. The average leukocyte count on admission was 15,000 with 81 
per cent polymorphonuclear cells. The average time of duration of 
symptoms, local or general, after admission to the hospital, was six 
weeks. Miller found this condition a common cause of hip complaint in 
children. It was usually provoked by mild trauma. It was suspected 
in a child who complained of pain about the hip if he had diseased tonsils 
or had recently had an acute infectious disease. Eighty per cent of the 
cases were associated with diseased tonsils. Carefully made roentgeno- 
grams suggested small abscess formation and absorption about the epi- 
physeal line. The treatment consisted of removal of infectious foci, rest 
from weight-bearing and traction of the involved limb. The duration 
of the disease was from a few weeks to a few months, and if prompt 
treatment was instituted, -the children recovered without any permanent 
changes in the hip joint. 

fEo. Note. — Some of the authors have observed a number of 
similar cases. In the majority of these, symptoms in the hip or knee 
followed a gastro-intestinal disturbance. With rest and regulation of 
the enteric tract, complete recovery ensued. Roentgenograms showed 
no changes. These cases were commonly diagnosed as toxic arthritis. 
If demonstrable changes can be observed at the epiphyseal line, the name 
acute, transient epiphysitis is a far more logical one for these cases.] 

CHRONIC ARTHRITIS 

Problem of Arthritis . — In an address before the New England 
Health Institute, Osgood quoted statistics to indicate that arthritis was 
the most prevalent of the chronic ailments. He emphasized the fact that 
arthritis was a generalized disease with joint manifestations and that 
there were certain types of persons in whom there was a predisposition 
to the disease. He outlined the outstanding characteristics of the two 
great types, i. e., atrophic and hypertrophic arthritis. While local treat- 
ment of the joint was important, he stated that general treatment of the 
patient, especially early in the disease, was of the utmost importance. 

In speaking of the developments in the problem of arthritis, Pem- 
berton said that in the opinion of most of the members of the 
American Committee for the Control of Rheumatism it was of the first 
importance to envisage arthritis as a whole instead of focusing on anv 

26. Osgood. R. B.; New England J. Med. 204:55. 1931. 

27. Pemberton, R. : Developments in Problems of .Arthritis, T. A. M. A 96*33 
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factor, be it mechanical, bacteriologic or nutritional, which may precipi- 
tate It As in tuberculosis, the specific treatment was based on broad 
physiologic considerations, since the organism was of necessity prac- 
tically ignored in a therapeutic sense, so in arthritis the treatment should 
be on broad physiologic grounds. No agency or organism was recog- 
nized by the committee as the single cause. 

Ticatment of Arthritis of the Spine . — Jepson and Brav reported 
foui^ cases of arthritis of the spine in which the patients were treated by 
manipulation to correct the forward flexion of the spine. Under ether 
anesthesia, the portion of the spine showing the greatest deformity was 
manipulated. Following manipulation a plaster cast as applied in 
hyperextension. This was followed by a brace. The authors felt that 
this method was of value where no bony ankylosis was shown by the 
roentgenogram. 

[Ed. Note. — ^While deformit}' in the spine may be corrected to a 
certain extent by this method, several of the authors have observed 
catastrophes following its use. Gradual’ hyperextension with sandbags 
or posterior shells will accomplish as much without injury, and in as 
short a time, considering the after treatment. In a number of cases 
ankylosis of the spine cannot be determined on roentgen evidence alone.] 


NERVOUS DISORDERS 


Tabetic Arthropathy . — In discussing the tabetic arthropathies, 
Steindler stated that while it must be expected that the neurogenic 
background predisposed the joint to arthropathic disintegration, it 
seemed certain that mechanical and traumatic events were the determin- 
ing factors that sooner or later led to the breakdown of the articulation. 
Protection against these influences by early and adequate splinting, 
preservation of protecting musculature by physical therapy and, above 
all, early stabilization and alinement by conservatii^e or operative means 
furnished the best prospects of extending the usefulness of these joints 
for many years. Steindler advised detection of the arthropathic joint 
by roentgen examination in the preataxic stage, and then immediate and 
adequate protection of the joint to prevent the action of detrimental 

external influences. 

From his own observations, Iselin came to the conclusion t lat in 
cases of so-called tabetic arthropathia the tabes was not the only under- 
lying cause, but that in many cases the disease was caused by a combi- 
nation of syphilis, other infections, nutritive disturbances and nervous 


28. Jepson, P. N., and Brav, E. A.: Am. J 10 - 285 , 1930. ^ 
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damages of tabetic origin. Of these syphilis seemed to be most impor- 
tant. The syphilis could be reactivated by traumatism or without any 
special cause within the arthropathic joint. 

[Ed. Note. — ^We think that Steindler has voiced the consensus of 
orthopedic opinion in regard to the etiolog}^ of tabetic arthropathy.] 

Ramisection in Spastic Paralysis. — Carrell studied the end-results 
in eighty-three sympathetic ramisections ; twenty-three cervical and sixty 
lumbar. There were no differences in the character of the reflexes 
before or after the operations. The record of footprints did not give 
any particular information. No change was observed in fixed con- 
tractions or in those contractions that developed on attempting motion 
or excitation, as scissor gait, equinus or valgus of the foot. Relief of 
contractions by other operations had been necessary, but it was noted that 
a paraplegia of equal spasticity had better function in the leg with 
lumbar ramisection and section of the obturator than with obturator 
section alone. Carrell concluded that the severity of physical disability 
and mental development were the two important factors influencing the 
progress after such operation. Where it was necessar}^ to choose between 
ramisection and Stoffel’s operation with foot stabilization, the latter 
procedure seemed to meet more indications, and they gave a higher per- 
centage of improvement in a large series of cases. 

Compression of the Cord by Bony Plaques. — Four cases of compres- 
sion of the spinal cord by bony plaques in the meninges were reported 
by Punsepp.^- Osseous deposits in the arachnoid, while frequently 
observed, gave no symptoms. Trauma probably played a role in these 
cases. These bony plaques were characterized by an abundant formation 
of connective tissue in which the osseous deposits occurred. In these 
four cases laminectomy was performed after neurologic symptoms, and 
block with iodized poppy seed oil 40 per cent showed the area involved. 
One patient died of cardiac failure. There was complete recovery in the 
other three. 

NEOPLASMS 

Osteitis Fibrosa Localisata. — Ferbert®® studied the localized form of 
osteitis fibrosa in adults. He found this form most frequent in young 
adults in the form of a solitary cyst of the bone. Adults in middle or 
old age were affected much less frequently. In these cases the forma- 
tion of an actual cyst was not as typical as the formation of fibrous 
marrow, osteoid and bony new growth. Prognosis was comparatively 
favorable. The disease might last for many years without much change 
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or disturbance of function. Consequently, the, therapy should usually 
conseivative Operative treatment was indicated to correct deformity 
or to improve the appearance by removal of hypertrophic bone Differ- 
entiation from Paget’s disease consisted in that the latter had a marked 
progressive tendency, whereas osteitis fibrosa, especially in the localized 
form, usually came to a standstill, and did not spread to other parts of 
the skeleton. 


[Ed. Eote. Pathologic fracture is a frequent complication of 
localized osteitis fibrosa. We have observed cysts that have persisted in 
spite of two or three fractures, and we think that operative treatment is 
indicated under such conditions.] 


MISCELLANEOUS 


Ma/aa'a of the Semilunar and Scaphoid Bones of the IVrist.— 
Santozki and Kopelmann =’■* made a study of nineteen cases of malacia 
of the semilunar and scaphoid bones of the wrist. They considered the 
process to be an aseptic necrosis of the bones, and that the cause was an 
obliteration of the nutritive vessels brought about by chronic occupational 
traumatism. Individual predisposition played a part. In the opinion 
of the authors early excision was the best treatment. 

Blaine considered that the essential change was a softening of the 
bones with necrosis and deformity. He thought that a twist of or a 
blow on the wrist was of common occurrence, and merely resulted 
in the roentgen disclosure of a preexisting pathologic condition in the 
semilunar or scaphoid bones. Discussing the etiology, the author men- 
tioned the various theories such as embolic obstruction to the arterial 
suppl}' and the relatively poor normal blood supply to these bones, and 
said that since the factors of etiology, symptomatology and pathology 
were more or less identical with similar lesions that have been found 
to involve various other osseous structures of the body, it seemed logical 
to consider the process essentiall}'^ the same, namely, osteomalacia. He 
felt that surgical removal of the diseased bone did not materially reduce 
the disability. 

On the other hand. Schnek,®® from his studies of the so-called post- 

traumatic cysts of the scaphoid bone (another name for the same process 

in the opinion of the editors), came to the conclusion that these cysts 

were the sequelae of unrecognized and improperly treated fractures of 

the scaphoid bone. His own experience convinced him that there was a 

crreat difference between this condition and actual pseudarthrosis ot tne 
& 
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scaphoid in that the cystic condition and likewise the fresh fracture 
could always be cured by complete and prolonged immobilization, whde 
the pseudarthrosis did not respond to this method of treatment. 

[Ed. Note. — ^We believe that the opinions of Santozki and Kopel- 
mann and of Blaine in respect to the etiology of malacia of the scaphoid 
and semilunar bones or Kienboch’s disease will obtain greater acceptance 
than Schnek’s. We believe, however, that trauma, either occupational 
or single, is a factor. We agree with Schnek that prolonged fixation 
of the wrist will often bring about a cure, and that excision is rarely 
necessary.] 

Semilunar Cartilages of the Knee. — Israelski reported three 
instances of calcification of the menisci revealed by roentgen exami- 
nation. All occurred in patients past middle life, and did not follow 
trauma. The author thought that a metabolic factor might be the 
cause since one patient had gout and another diabetes. In one there 
was also calcification of one of the intervertebral disks. 

Mandl observed regeneration of previously excised semilunar 
cartilages in two patients ; one was found accidentally at autopsy, and 
the other at a later operation on the same knee joint.. He was surprised 
to find an almost complete regeneration of the cartilage in both cases. 

Changes in the Hip Joint in Hemophilia. — Loehr examined and 
studied patients whose hip joints had been affected by hemophilia. The 
bleeding might be intra-articular or extra-articular, or even within the 
bony tissue. It might occur once or repeatedly, usually in early age, 
but sometimes even after the age of puberty. The hip joint was rela- 
tively rarely affected compared with the elbow and knee joints. Both 
of Loehr’s patients were of preadolescent age, and showed typical signs 
of osteochondritis deformans juvenalis. The study of the cases reported 
in the literature showed that all patients who had hemophilia affecting 
the hip joint who had been affected before puberty showed the same 
condition, while patients who had been affected at a later age showed 
changes of a different nature, such as coxa valga, cystlike development 
in the neck of the femur, in the head and in the acetabulum with more 
or less evidence of arthritis deformans. 

BONE, JOINT AND TENDON SURGERY 

Physiologic Reconstruction of the Thumb after Total Loss. ^The 

operative procedure for the reconstruction of a functioning thumb from 
a second metacarpal and the proximal half of the first phalanx attached 

37. Israelski, M.: Am. J. Roentgenol. 25:85, 1931. 

38. Mandl, F.: Zentralbl. f. Chir. 52:1929, 1930. 

39. Loehr, D.; Ztschr. f. Chir. 228:234, 1930. 



534 


ARCHIVES OF SURGERY 


to It was reported by Bunnell.^ The transplantation was done so as to 
preserve nerve, blood and lymph supply. The second metacarpal was 
transplanted to the trapezium, and the lower 3 inches (7.6 cm.) of the 
tendon of the flexor carpi radialis was passed through drill holes in the 
metacarpal and trapezium to insure a stable joint. The cut tendon was 
then attached to the flexor carpi radialis brevis. The three extensor 
tendons of the thumb were attached to the second metacarpal at their 
usual locations. The flexor tendons of the thumb were attached to the 
flexor tendons of the transplanted index finger. The thenar muscles 
were reattached to the transplanted second metacarpal. An excellent 
functional result was obtained. The author gave as requisites of a 
transplanted thumb: sensation, motion particularly in opposition to 
fingers, strength and durability. 

Complete Rupture of the Supraspinatus Tendon. — ^Wilson stated 
that an experience with ten patients with complete rupture of the 
supraspinatus tendon in a period of eighteen months had impressed 
him with the frequent occurrence of this injury. The pathologic obser- 
vations at operations indicated gradual weakening of the tendon previous 
to rupture. The lesion should be suspected in any patient who gave a 
history of shoulder disability of sudden onset and particularly when a 
painful snap has occurred during a movement of abduction or when 
there had been a fall on the shoulder with or without dislocation. The 
characteristic sign of rupture was inability to abduct actively while this 
movement might be executed passively. This sign might be masked by 
muscle spasm or adhesions. Repair of the tendon was rendered diffi- 
cult by the extent of the gap in the capsule, and it was important not 
only to suture the tendon to the greater tuberosit}^ but to provide means 
whereby it might develop a real bony attachment throughout its breadth. 
The results of operation showed that the disability could be removed and 
emphasized the importance of recognizing this lesion which was fre- 


quently overlooked. 

Operative Treatment of Scoliosis.— In three patients with severe 
scoliosis with marked listing to the side, Schede *- used a massive graft 
from the tibia to hold the trunk upright. The graft was inserted 
between the transverse process of the first lumbar vertebra an tie 
rim of the pelvis. The end-results were as follows: In one patient 
the graft was absorbed, but in the other two the graft hyP^rtrophied 
to about three times its original width and gave f^ellent support to t 
trunk. While in all cases the graft became firmly united to the trans- 
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verse process of the first lumbar vertebra, it developed an articular 
union to the rim of the pelvis in the form of a saddle joint. 

Preoperative Determination of the Best Functional Position for 
Ankylosis of the Hip. — Adams, from a study of ankylosed hips, con- 
cluded that a definite position could be determined in each case wliich 
would give the best functional result. When ankylosis of the hip was 
produced by operation, the hip could be fixed in this ideal position. The 
best functional position was determined by studying Kingsley’s table for 
normal flexion and Lovett’s table for abduction and apparent shortening. 

[Ed. Note. — -There has been a wide variance of opinion as to the 
best functional position for ankylosis of the hip, and the tendency has 
been to assume that the position should be the same for all persons, an 
attitude that is manifestly wrong because it does not take into considera- 
tion such factors as shortening, etc. Adams has done a careful piece of 
work, and his article should be studied, and the rules laid down for 
determining the optimum position of the hip followed.] 

Correction of Deformed Feet. — Basing his practice on careful study 
of bone regeneration and on animal experiments, Matti developed a 
technic for correction of foot deformities and for foot stabilization in 
which he saved the bone obtained from the wedge-shaped excisions about 
the joints, cut it up into many small fragments, and transplanted the 
bone chips in between the denuded bone surfaces in such a position as to 
help maintain the corrected position. For example, in the correction of 
club feet he put them in on the medial side. He pointed out that bone 
survived the earlier and more completely it got in touch with the circula- 
tion of blood and lymph. Hence a large piece of compact bone was at a 
greater disadvantage than a small piece of spong)^ bone. His experiments 
on animals showed that chips of cancellous bone remained living for a 
long time, and served well in filling bony defects. He used the same prin- 
ciple in the operative correction of deformities of long bones and in the 
treatment for pseudarthrosis. 

Key recommended the resection of the medial plantar nerve as a 
reliable and simple method for the cure of claw foot. The method had 
the advantage of attacking those muscles that were concerned with the 
production of the deformity and by the action of which recurrence was 
brought about. In patients with severe deformities, the lateral nerve 
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might be resected also and in addition the long 2:>eroneal tendon was 
transplanted into the short peroneal tendon, and the division of the 
plantar fascia was performed. In cases in which the tarsus showed 
severe deformation, bony resections should be done beforehand, later 
followed by the resection of the nerves. The following muscles were of 
the greatest importance in the development and in the later recurrence of 
pes cavus ; the short flexor muscles of the toes, the long peroneal muscle, 
and often the abductor hallucis. Of lesser importance were the long 
flexor and the posterior tibial muscles, and still less the ‘triceps surae. 

Whitman described an operation for the correction of equino 
valgus deformity resulting from paralysis of the tibialis anticus or 
posticus muscles, or both. It consisted in subastragalar and astragalo- 
scaphoid arthrodesis through a mesial incision. Then the anterior tibial 
tendon was divided at its junction with the muscular fibers, dissected 
free from its sheath and passed under and then over the tendons of ' 
the extensor communis digitorum and extensor hallucis longus, and 
finally buried subperiosteally in the tibia. 

The operation had been done eight times in seven patients. The 
author stated that all patients were satisfied with their results. 

[Ed. Note. — It is of interest to note that here are described three 
methods involving the use of three different principles for the operative 
correction of foot deformities: wedge-shaped excision and arthrodesis 
of joints, resection of the nerves supplying overacting muscles and the 
use of tendon loops to restrain and improve the lines of muscle pull. 
With the first principle, all of us are in accord. Remodeling of the bony 
architecture with arthrodesis of the unstable joints is the foundation 
stone on which everything else is built. Readjustment of muscle pulls, 
we believe, can be more satisfactorily brought about by tendon transplan- 
tation than by the use of a tendon loop. With the resection of the nerves 
to the overacting muscles in pes cavus we have had no experience, but 
the method may well have a use.] 

FRACTURES 

Pseudarfhrosis. — Bauer •*" recommended Kirschner's splintering 
method in the treatment for pseudarthrosis. He had had good results in 
the majority of the patients he had treated, although all the cases were 
of long standing and some had been subjected to previous operation wit i 
out success. He moved and shifted the splinters about as_ die case 
demanded in order to peg the fragments, and when the nutritive con- 
ditions were particularly bad, he added autoplastic fragments of bone 
from other parts of the body. 
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In a discussion of the causes of pseudarthrosis, Koenig^® stated 
that he had frequently found soft tissue interposed between the frag- 
ments, and he thought that this was one of the chief causes of delayed 
union. On the other hand, union might take place in spite of interposi- 
tion of soft tissues. 

Bier maintained the view that mechanical factors played a sub- 
ordinate part in producing delayed union. More important were faulty 
nutrition and chemical disturbances, especially the lack of hormones due 
to altered innervation. In such cases he relied on general rather than 
local treatment. In obstinate cases he employed Kirschner’s bone 
splintering method. 

Boehler recommended drilling many holes into the bone near the 
ends of the fragments, or the old method of re fracturing recently again 
recommended by Goetze. 

Skeletal Traction. — Fitzgerald,®’^ describing tbe advantages and disad- 
vantages of various methods of skeletal traction, pointed out that the use 
of the Kirschner wire was probably the most satisfactory in that with it 
there was less trauma and consequently less danger of infection than with 
ice tongs and Steinman’s pin. Also the wire was more efficient. The 
technic of the use of Kirschner’s wire was described. 

Speed advocated the use of steel pins of small caliber that could be 
driven through the bone and whose ends protruding through the skin 
could be covered with sterile dressings and embedded in plaster of paris 
casings, and thus serve to maintain position in fractures of the leg. The 
method necessitated previous complete reduction of the fracture, but the 
fixation was absolute and safe when the plaster had hardened. 

[Ed. Note. — We concur with Fitzgerald in respect to the advantages 
of Kirschner’s wire over the ordinary skeletal pins and ice tongs. The 
patient is usually more comfortable, there is less risk of infection, and the 
wounds heal more promptly. We believe there are advantages in embed- 
ding pins in plaster casings when the fracture can be completely reduced. 
This method is particularly valuable in the treatment for fractures of the 
bones of the leg in that it provides complete immobilization, and this 
ought to be important in reducing the incidence of delayed union and non- 
union.!^ 

Fractnrec of the Head and Neck of the Radius. — From the standpoint 
of treatment. Key divided fractures of the upper end of the radius 

48. Koenig, F. : Deutsche med. Wchnschr. 56:939, 1930. 

49. Bier; Deutsche med. Wchnschr. 56:939, 1930. 

50. Boehler, F. ; Deutsche med. Wchnschr. 56:939, 1930. 

51. Fitzgerald, E. R. ; Canad. M. A. J. 24:83, 1931. 

52. Speed, K.; Surg., Gynec. & Obst. 51:854, 1930. 

53. Key, J. A,: Treatment of Fracture of the Head and Neck of the Radius 
J. A. M. A. 96:101 (Ian. 10) 1931. 
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into three groups : The first group consisted of those that ought to be 
treated conservatively, namely, fissure fractures of the head, chip or 
chisel fractures of the head in which the detached fragment comprised 
less than one third of the circumference of the head, and was not dis- 
placed or did not lie against the ulna, and fractures of the neck in which 
there was practically no displacement of the upper fragment. The 
second group consisted of fractures that ought to be treated by operation, 
namely, comminuted fractures of the head, chip or chisel fractures of the 
head in which a fragment larger than a third of the head was detached 
or displaced, or in which a small fragment was separated in close relation 
to the articulation with the ulna, and fractures of the neck in which the 
head was displaced downward or so tilted that its rounded border could 
no longer rotate in the sigmoid of the ulna and in which the displacement 
could not be reduced by manipulation. In the third group were those 
cases in which treatment should be conservative at first, and operation 
done later if necessary. This group included all doubtful cases of group 
1, that is, cases with chip fractures of the neck with slight displacement, 
chip fractures with considerable displacement of the detached fragment 
which might be loose in the joint and fractures of the neck with complete 
and extensive displacement of the head which usually lay embedded in 
the tissues beneath the flexor muscles of the forearm and could no longer 
block motion at the elbow. 

Fracture of the Capitellum. — Boehler pointed out the importance of 
distinguishing between the isolated fracture of the capitellum with for- 
ward displacement and rotation and the shearing off of the articular car- 
tilage of the capitellum with posterior displacement. The former lesion 
was encountered only in persons with a hyperextensible elbow; the 
latter only in persons with a valgus elbow. These lesions could therefore 
be produced only when there were proper preexisting constitutional 
conditions. They should be differentiated from other fractures of the 
lower end of the humerus. 

Trajwiatic Myelitis Resulting from Fractures of the Spine. ■ 
Gurdjian studied sev.enty-two cases of fractured spine with transverse 
myelitis. The cord injury was produced by either direct or indirect 
violence, i. e., either due directly to pressure from the bony vertebral 
column or simply by concussion. Central softening of the cord was a 
frequent finding in fractured spines, and might extend up the cord for 
some distance from the site of injury. The fractures were either com 
pression or chip fractures of the bodies of the vertebrae. 0 ^ 
compression fractures, nineteen were lumbar, seven were ^ orsa an six 
were in the cervical spine. Careful technic should be exercised in obtam- 

54. Boehler, L.: Arch. f. Orthop. 28:734, 1930. 

55. Gurdjian, E. S.: Am. J. Roentgenol. 25:65, 1931. 
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mg good anteroposterior and lateral roentgenograms, particularly of 
the cervicodorsal junction, a not infrequent site of fracture. 

Fractures of the Pelvis. — Nineteen cases of fracture of the pelvis 
were reviewed by Parker. They constituted 3 per cent of all fractures 
observed. The author found that the gravity of the injury depended on 
the amount of damage to the structures within the pelvis. There were 
two deaths from shock. The injury was produced in most cases by a 
rolling or squeezing force or by an automobile crush. A few cases were 
caused by a severe fall. The common associated injuries were ruptured 
bladder, ruptured urethra, ruptured kidney and fractures other than 
those of the pelvis. After examination for complications the patients 
were placed flat in bed and the position maintained with sandbags to the 
legs and pelvis. In a few cases traction and abduction were used where 
there was marked upward displacement of the ilium. A pelvic belt was 
used when there was separation of the sacro-iliac joint or symphysis 
pubis. The average stay in the hospital was thirty-nine days. Good 
functional results were obtained in thirteen cases. 

Fracture of the Bones of the Leg. — ^Kennedy presented a study of 
114 patients with fractures of the bones of the leg, who had been treated 
at the Beekman Street Hospital between 1924 and 1929. Many of them 
were severe compound fractures. The favorite form of treatment in 
most cases was skeletal traction by means of Steinman’s pin through the 
os calcis with the leg suspended in a Thomas splint. Fixation in plaster 
was employed primarily in 70 patients, but in 14 proved unsatisfactory 
and had to be abandoned in favor of skeletal traction. Operation was 
avoided as much as possible, the danger of tetanus being considered real 
because of the frequent contamination of the skin with horse manure. 
The Massachusetts General Hospital system of rating the end-results at 
the end of one year on the basis of the anatomic, functional and economic 
results was employed. 

[Ed. Note. — The article represents a thorough study and deserves 
to be read. The results obtained are a recommendation for the methods 
of treatment used.] 

DISLOCATIONS 

Disi'uption of the Pelvis with Luxation of the Innominate Bone . — 
Eight cases of luxation of the innominate bone were reported by Pea- 
body.''® The displacement was associated in each case with a fracture of 
the pelvic ring or separation of the symphysis pubis. One of these patients 

56. Parker, 0. W.; Minnesota Med. 14:29, 1931. 

57. Kennedy, R. H.; Ann. Surg. 93:563, 1931. 

58. Peabody, C. E.; Disruption of Pelvis with Luxation of Innominate Bone 
Arch. Surg. 21:971 (Dec.) 1930. 
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died immediately, one could not be traced, and .the others completeh- 
recovered. The injury was produced either by a fall, or b}' a crns\nng or 
twisting force acting on the pelvis. Visceral complications were rarely 
seen. Severe sciatica was observed only in patients with an accompany- 
ing fracture of the fifth lumbar vertebra. Treatment was traction on 
the leg of the involved side under anesthesia followed by manipulation 
with the aid of the fiuoroscope. After reduction a webbing belt was 
tightly applied around the pelvis and the patient placed on a Bradford 
frame with ti action on the leg of the injured side. In two cases rotary 
redisplacement required wiring of the symphysis pubis. Ankylosis of the 
involved sacro-iliac joint occurred in all of the cases followed. 

Chronic Subluxation of the Distal Radio-Ulnar /o/» t. —Berry 
reported the case of a youth, aged 20, who after a Colles’ fracture was 
unable to resume his work as a carpenter, owing to undue anteroposterior 
mobility of the lower end of the ulna on the radius. Quite slight pres- 
sure on the palm of the hand would cause the head of the ulna to project 
backward. Berry, therefore, fused the distal radio-ulnar joint by 
removing the opposing cartilaginous surfaces and driving a bone peg 
through the ulna into the radius, and at the same time resected 1 inch 
(2.5 cm.) of the ulna in its lower fourth. Following the operation, the 
patient was able to resume his work and even to mix concrete with a 
shovel. Supination and pronation were perfect. 

[Ed. Note. — Berry’s method of dealing with chronic subluxation of 
the distal radio-ulnar joint deserves consideration. It is not as simple as 
fixation of the head of the ulna to the radius by fascial suture, but it may 
be more positive in its results. The result achieved in this single case 
merits further trial of the method.] 


RESEARCH 

The Role of the Macrophage in Absorption from Synovial Cavities — 
Rynearson studied the absorption of various dye substances from the 
synovial cavities of dogs. He observed that the roles played by the 
secretory cells and by the macrophages were different. The former were 
penetrated only by colloid substances, whereas the macrophages absorbed 
the particulate matter. While the colloid substances and fluids were car- 
ried away through the blood and lymph, the dye-stained macrophages 
were found in the case of the knee joint chiefly in the inguinal and 
lumbar lymph nodes and spleen. These observations suggested to le 
author that in arthritis the toxic substances might be absorbed by le 
secretory cells and that they were therefore carried to various parts 


59. Berrv. J. A.: Brit. J. Surg. 18:526, 1931. 

60. Rynearson, E. H.: J. Bone & Joint Surg. 13:1-7, 1931. 
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the body, whereas bacteria were tratisprifted only by the ni<’icro])ba} 4 es aiifl 
carried to the lymi)ii nodes. 

[ICo. Notk. — Investiitators in jj;eneral have not been able to distin- 
gni.sb a true secretory type of cell in the synovial membrane and hence 
there may be .some disagreement with this part of the author s con- 
clusions.) 

lufhd'iicc of .-IllcnUioiis i)i Circulation on Repair of Rone. — I’earse 
and Morton.”' in previously reported experiments, demonstrated that 
venous .stasis accelerated bone repair. They carried their experiments 
further and found that in dogs ob.struction of the lesser saphenous vein 
did not accelerate healing of the fractured fibula, probably because of 
the extensive anastomosis between this vein and the great saphenous 
vein. Obliteration of the femoral artery was found to delay healing, 
whereas lumbar .sympathectomy bad little eflect f)n osteogenesis. 

I'aic of Transplanted Cortical Rone. — Davison aiid Krall 
attemjited to determine the viability of autojdastic cortical bone grafted 
into cortical bone. Two dogs from tlie same litter were used for each 
experiment. One dog was fed sodium alizarin suljdwnate which cf)!ored 
all new formed bone red from weaning until the dog was killed. A 
cortical graft from the temporal bone was trans])lanted from the dog 
given sodium alizarin suljibonate to the other dog anti vice versa. The 
authors found that cortical bone tran.splantetl aseptically and with ])er- 
fcct mechanical ada])tation and fixation healed by primary intention and 
remained alive. 

Rcfjrneralion of Hyaline Cartilage . — From a series of experiments 
on dogs, Sbands ”” concluded that regener.'ition of hyaline cartilage 
might occur after injury. Xo regeneration was noted in le.ss than four 
weeks. The various stages of repair were as ftjllows: fibrin, granula- 
tion tissue, connective tissue, cartilage cells in connective ti.ssuc, fibro- 
cartilage and new hyaline cartilage. Xo difference was found in the 
regenerative power of the cartilage in different areas of the joint. No 
definite evidence of a perichondrium was found. Direct trauma to the 
hyaline cartilage occasionally caused a proliferation of nests of new 
cartilage cells. 

Myostatic Contracture Pollo7ving 'Tenotomy . — Davenport and Ran- 
.son studied the changes in the gastrocnemius muscle after tenotomy of 

61. Pcarse, H. E., and Morton, J. J. : J. Rone & Joint .Snrg. 13:68, 1931. 

62. Davison, C, and KrafT, .\.: Fate of Cortical Bone Graft, Arch .Sure- 22* 

94 fjan.) 1931. ' ^ 

63. Shands, A. R.; Regeneration of Hyaline Cartilage in Joints; Experimental 
Study, Arch. Surg. 22:1.37 (Jan.) 1931. 

64. Davenport, H. K.. and Ran.son. S. W.; Contracture Re.siilting from Tenot- 
omy, Arch. Surg. 21:995 (Dec.) 19.30. 
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the tendo achiilis in cats and rats. They pointed out that other 
observers had demonstrated that if the bony attachments of a skeletal 
muscle were left immobilized for several days so as to prevent the 
changes in length that normally resulted from spontaneous and reflex 
movement there occurred a fixation of the muscle at the length thus 
imposed on it. If taken early, this contracture could be overcome by 
active or passive movement, but if left untreated for some time the 
damage might become irreparable. This process called myostatic con- 
tracture by Davenport and Ranson was dependent on intact innervation. 
After it had developed, however, it persisted even after section of the 
motor nerve. According to the authors, it-was an abnormal manifesta- 
tion of tonic contraction. A muscle affected by this condition could not 
extend normally or contract normally. 

Studying the myostatic contraction produced by tenotomy of the 
tendo acliillis, the writers found an increase in the diameter of the 
muscle fibers, a more pronounced longitudinal fibrillation, blurred cross- 
striations, a dissociation of the membranes holding the myofibrils in 
alinement, a wavy contour in some of the fibers, light and dark irregu- 
larly outlined bands and an increase in the nuclei oi the wandering cell 
type. There was no evidence of increase of the connective tissue ele- 
ments. A 20 per cent loss in weight was found in the gastrocnemius 
muscle. 


CORRECTION 

In the article by Drs. Karl H. Martzloff and George E. Burget, entitled, “The 
Closed Intestinal Loop: III. Aseptic End-to-Eud Intestinal Anastomosis and a 
Method for Making a Closed Intestinal Loop Suitable for Physiologic Studies, 
in the July issue (23:26, 1931), an error occurred in the references at the bottom 
of page 29 ; reference 3 has been repeated and the first line of reference 5, omitted. 
These two references should read : 

3. Rostowzew, M. 1. : Aseptische Darmnaht, Arch. f. klin. Chir. 82:462, 190/. 
5. Rankin, F. W.: An Aseptic Method of Intestinal Anastomosis, Surg., 

Gynec. & Obst. 47:78, 1928. 
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of the pleural and peritoneal cavities and the contents of hydrocele and 

pver^rr^^ great majority of pathologic synovial fluids, how- 

ever, behave differently. The drop does not disperse immediately in the 
acid solution but forms a membrane that envelops the contents like 
a sacv ( g. 1^ tubes a, c and d). This formation may float on the sur- 
face hke a balloon, or sink to the bottom of the test tube. A -reat 
number of synovial fluids form a sack that sinks to a certain depth and 
IS connected by a tube to the surface. The membrane can be verv 
resistant, in which event the sack is permanent. Figure 2 shows a sack 



Fig. 1 . — a and c show sack and tube formation; h, streaks of turbidity; positive 
Rivalta reaction in a pleural effusion; d, a very thin sack in synovial fluid, and 
e, perfectly clear fluid ; negative Rivalta reaction in a serous ovarian cyst. 


preserved for months. Other fluids form thin membranes through uhich 
diffusion takes place rapidly and which disappear in a short time. The 
diffusion of hemoglobin into the acid can be nicely observed in hemor- 
rhagic fluids. When the acid solution diffuses into the sack, a secondary 
membrane is sometimes formed. 

The behavior of the sack depends on the concentration of the acid 
used and the character of a given fluid. Table 1 gives a summary o tie 
conditions of sack formation in various concentrations of acetic an 
hydrochloric acid. The former causes sacks to form in concentra ion 
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from glacial to 0.25 per cent, in the latter, in from twentieth-normal 
to two hundredth-normal solutions. 

Table 2 shows that a maximum dilution of 1:10 with water still 
can result in sack formation. With serum, the maximum dilution was 
1 : 4. Water tends to keep the sack on the surface, while serum, owing 
to its higher specific gravity, favors falling and dispersion. This will 
explain differences when, later, saliva and synovial fluid are compared. 


Table 1. — Sack Formation in Acids 


Acid 


Characteristics 


Glacial acetic 

50% acetic 

50 to 5% acetic 

5 to 1% acetic 

1 to 0.25% acetic 

Concentrated to tenth-normal hydrochloric acid (0.001%) 

Tiventieth-normal hydrochloric acid 

Fortieth-normal hydroehioric acid 

Eightieth to tivo hundredth-normal hydroehioric acid — 
Two hundredth-normal hydrochloric acid 


Unstable, quickly torn 
Thin, swims on surtace 
Remains on surface 
Sack and tube formation 
Thin, stringy tubes 
Xo sacks 

Sack sinks to bottom 
Sack floating, then sinking 
Tube formation 
Xo sack formation 


Table 2. — Maximal Dilution of Ten Synovial Fltiids zvith IVafer and Serum 

Giving Sack Formation 


Cases 


Dilution with water 

l:.'? 

1 

Dilution with water 

1:5 

6 


1:10 

3 

Dilution with serum 


1 


l;i 

1 


1:4 

1 


Table 3. — Sack Formation in Effusions from Tzvo Hundred Joints (One Hun- 
dred and Tzventy-Tzvo Inflammatory and Seventy-Eight Traumatic) and 
in Fluids from Thirteen Normal Knee Joints at Autopsy or Operation 


Pathologic Fluids Xormal Fluids 

t ■* \ t ^ s 

Cases Per Cent , Cases Per Cent 

Sack formation; positive 18S 94 is lOO 

negative 12 6 0 0 

Rivalta reaction: positive 8 4.. 

negative 4 2 .’. 


Sacks were produced in the original fluids as well, but they were exten- 
sively studied in the clear filtrate after separation of cellular sediment 
by centrifugation. 

Table 3 gives a review of my studies on sack formation. Fluids 
obtained from thirteen normal joints following amputation or at opera- 
tion were positive for sack formation. In the effusions of two hundred 
inflammatory and traumatic joints, sack formation was present in 94 
per cent and absent in only 6 per cent. Of the latter, 4 per cent gave 
positive and 2 per cent negative Rivalta reactions. 
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In the twelve cases in which sacks did not form, the following 
diagnosis was made: chronic prepatellar bursitis (housemaids’ knee), 
seven cases ; chronic nonspecific arthritis, four cases (one of these 
fluids was obtained at operation, and it is likely that there was an 
admixture of serum), and ganglion of the wrist, one case (this fluid 
was aspirated previously and contained numerous cells, with 90 per 
cent polymorphonuclear leukocytes). 

Sacks Containing Acid in the Synovial Fluid.— By reversing the 
arrangement of the experiment, membranes can be produced which 
enclose the acid solution. A small test tube is half filled with synovial 
fluid ; a drop of methyl orange is added. Most synovial fluids, being 



Figure 2 


Fi, 

top of the tube. 

Fig. 3.— Sack and 
synovial fluid. 



Figure 3 

o months is seen floating at tiie 
dropped into 


2.— Sack which has been preserved for tw 

tube containing hydrochloric acid which vas 


alKaUne, take a yel.cw tint in.cat.. 

Ml- cent hydrochloric acid are le iall into he 

If the acid at this concentration - ,rid .Hcreforc 

of synovial fluids, as shown m table ^ ^ at the 

sinks, enveloped in a membrane which forms c ^^^tents of the 

bottom. While the rest of the flmd J contain the 

tube and the sack change to le , -w u , diffusion takes place 

hydrochloric acid. When the tube is alloue . ^ ^ 

through the membrane. This causes le sa Gradually the 

and finger-hke protusions branch out from it ( » t 
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distinct structures disappear aud a loose meshwork fills the tube. The 
binding of acid is permanent. The contents never take the red color 
observed in plasma, transudates and exudates. In these fluids, the acid 
sinks freely, the whole fluid changes quickly to red, and a pinkish pre- 
cipitate accumulates at the bottom. 

The precipitation of synovial fluid by alcohol also has a characteristic 
appearance. A drop of synovial fluid let fall into a tube with absolute 
alcohol sinks to the bottom leaving threads throughout the fluid and a 
mushy precipitate at the bottom (fig. 4). which looks like a bulb and 



Fig. 4.— Idushy precipitate produced by dropping synovial fluid into absolute 
alcohol. 

roots, and represents an effort at sack formation, prevented bv the 
excessive dehydrating action of the alcohol. No changes occur if the 
tube is allowed to stand for weeks. Serum, transudates and exudates 
form a precipitate which falls quickly to the bottom, the alcohol remain- 
ing clear. 

Sack formation is also observed when a drop of synovial fluid is let 
fall into a concentrated solution of corrosive mercuric chloride ; sacks 
containing the sublimate solution are obtained by dropping the corrosive 
mercuric chloride into the synovial fluid. 
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Microscopic Appearance. —Undtr low magnification the membranes 
appear to consist of bundles and threads running in different directions 
and forming a meshwork. Under high magnification, minute granules 
are seen to fill the meshes. The structures resemble the inner sliell 
of a hen’s egg. 

Comment. —On the basis of the conception of the synovial mem- 
brane as a connective tissue, the theory was widely accepted that syno- 
vial effusions are derived from the circulation. 

This study of precipitation, however, has demonstrated peculiar 
precipitation phenomena differing from the reactions that occur in 
either transudates or exudates. Not only most effusions from inflamma- 
tory joints, but even the hemorrhagic effusions are positive for sack 

Table 4. — Comparative Reactions of Blood Serum, Synovial Fluid, Egg White 
and Saliva to Precipitation by Various Agents 


Reagent Serum Synovial Fluid ■ Egg White Saliva 

Water Clear Clear Turbid Clear 

Acetic acid Precipitation Sack Sack Sack 

Hydrochloric acid Precipitation Sack formed be- Sack Sack 

tween 20tb. and 
200th normal hy- 
drochloric acid 


Hydrochloric acid 10% over- 


laid Precipitation Sack Sack Sack 

Alcohol Granules Threads 

Alcohol overlaid Precipitation Precipitation 

at border 

Nitric acid Precipitation Precipitation Precipitation Precipitation 

Boiling Curd Curd Cord Turbid 

Potassium hydroxide Clear Clear Jelly Clear 


formation. They therefore do not consist simply of blood corpuscles 
and plasma, but must contain at least one component not derived from 
the circulation. This substance that produces the characteristic pre- 
cipitation phenomena is, on the other hand, also present in noimal 
synovial fluids. 

The next step in this investigation was a search for other body 
fluids which give identical precipitation reactions. 

Sack formation was found to be positive in saliva and egt, white 
The sacks in both of these substances swim on the surface of t ?e pen 
cent acetic acid solution and are transparent. Table 4 gives a 
of the comparative reactions. Both saliva and egg white are pro 
of cell secretion and not of extravasatmn. Both are viscous ^ 
taining a mucinous substance. Synovial fluids have 
The study of viscosity and the mucinous substanc 

undertaken. 
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2 VISCOSITY 

Data on the viscosity of synovial fluids have been recorded only by 
Schneider ® and by Cajori and collaborators.'* I shall therefore analyze 
and compare my material with the observations of these authors and 
then follow up clues uncovered by this study which may lead to the 
source of synovial fluid. 

The specific or relative viscosity was determined in seventy fluids 
from sixty-five patients (table 5). Fifty specimens were aspirated from 
inflammatory effusions in forty-seven cases of acute and chronic 
specific and nonspecific monarticular or polyarticular arthritis and 
bursitis. The diagnosis was made on the basis of clinical findings, roent- 
genograms, bacteriologic, serologic and cytologic studies and estimations 
of bilirubin in the fluids. 

Twenty fluids of traumatic origin were obtained from eighteen 
patients. The history of injury was confirmed by the hemorrhagic 


Table 5. — Summaty of Dctcimlnations on Ihc Viscosity of Synoz'iaJ Fluid 


Joints 

Inflammatory Cases* 

Traumatic Cnsest 

Knee.. 

38 

13 

Prepatellar bursitis 

i 

4 

Ankle. 

0 

1 

Wrist. 

2 

0 

Elbow 

1 

0 

Total. 

IT 

18 


* One case nas aspirated three times and one tmce. 
t Two cases were aspirated twice. 


character, the presence of fat and bone marrow cells or the high icteric 
index of the effusions, as I have pointed out in a series of papers.’ The 
viscosity was determined on centrifugated clear fluids, with but one 
exception. This effusion was aspirated from a patient with tuberculous 
arthritis of the knee. It was milky, contained debris and did not 
separate on prolonged centrifugation. The viscosity was 18. 

The Hess viscosimeter was used, which permits the determination 
of viscosity up to twenty-eight times that of water at room temperature. 

5. Schneider, J. ■ Untersuchungen uber die Viskositat menschlicber Si'novia, 
Biochem. Ztschr. 160:325, ]92S. 

6. Cajori, F. A.; Crouter, C Y., and Pemberton, R : The Physiology of 
Synovial Fluid, Arch. Int. Med. 37:92 (Jan.) 1926 Caiori, F. A , and Pember- 
ton, R. : Chemical Composition of Svnovial Fluid in Cases of Joint Effusion J 
Biol. Chem. 76:471, 1928. 

7. KHng, D. H. : Fat in Traumatic Effusions of the Knee Joint, Am. J. Surg. 
6:71, 1929; Bilirubin in Effusions of the Joints, Arch. Surg. 20:17 (Jan.) 1930: 
Erythroblasts and ilyelocytes in Traumatic Effusions of the Knee Joint, Am J 
Surg. 7:824 (Dec.) 1929; Wassermann Reaction in Joint Fluids, Am J, Svnh 
13:596, 1929. 
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Fluids of a higher rdscosity had to be diluted with distilled water. Tlio 

influence of dilution and the accuracy of the apparatus will be discussed 
later. 

Analysis of the Material . — Fluid was aspirated from the knee joint 
in 78.5 per cent of the cases (table 5). The viscosity varied in inflam- 
matoiy effusions from 1.6 to 72 and in traumatic effusions from 2.6 
to 34 (table 6). This exceeds by a wide margin the range of viscosity 
of transudates or exudates and normal secretory products like saliva and 
egg white (table 7). The largest variation (table 10) is seen in chronic 
nonspecific arthritis from (1.6 to 72), and the next largest in syphilitic 
arthritis (from 4.5 to 40.5). Comparatively smaller is the range for 
gonorrheal arthritis (from 10.1 to 16.8) and tuberculous arthritis (from 

Tacle 6. — Specific Viscosity at 20 C. 


Viscosity 


Inflammatory Effusions, Traumatic Effus'ons, 
Number Fluids Number Fluids 


1.6 to 5 5 2 

5 to 10 G 7 

JO to 20 22 0 

20 to 30 S 4 

SO to 40 3 ] 

40 to SO 4 0 

SO to 72.7 2 0 


Total 


SO 


20 


Tabce 7.~ 

■Viscosity, 

Specific Gravity and Sack Formation of Synovial Fluids 


Specific Viscosity 

Num- , ' \ Speciiie 

her 1.6 to 0 5 to 10 10 to 20 Over 20 Gravity 

Sad: 

rnflammatory 

Traumatic 

SO 

20 

S G 22 17 1.018 to 1.032 

2 6 7 5 1.015 to 1.02G 

Positive 
Negative 0 
Positive lO 
Negative 1 


16.6 to 24). One case of rheumatic fever and one of purulent arthritis 
showed that the viscosity varies at different aspirations during short 
intervals (from five to seven days) in the same joint. 

In the series of traumatic effusions, the cases of prepatellar bursitis 
showed a smaller range (from 7.9 to 16.1) than the fluids fioin flie 
knee joints, and two intra-articular fractures showed less variation 
but higher viscosity (from 13.2 to 22). 

Review and Discussion of the Literature. Schneider deroted 
study, published in 1925, to the determination of the viscosity of nomia 
synovial fluid. He aspirated fluid from twenty-nine knee 
patients who had died from various acute and chronic diseases 
two showed effusion. He constructed an elaborate apparatus I 
permitted the examination of minute amounts of tie 
registered the highest degrees of viscosity. In the twen 3 
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of apparently normal joints, he found a viscosity of from 3.9 to 1,490. 
Of the two effusions, the viscosity in a case of purulent arthritis 
was 275.3, and in a case with joint mice, 33.3 The only fluid 
examined from a living patient was obtained m a case of osteochondritis 
dissecans; the viscosity was 22.7. The viscosity was highest in cases 
of sudden death and lower after chronic wasting diseases which had 
kept the patients in bed, especially tuberculosis, cancer and circulatory 
disorders. This, Schneider explained by the assumption that resorption 
of water decreased in the latter cases and by referring to the analysis of 
synovial fluids of cattle published by Frerichs ® in 1846, The latter 
found that the content of solids was about 40 per cent lower and 
that of water greater in the synovial fluids of new-born calves and 
fatted cattle than in the synovial fluids of grazing oxen. 


Table 8 — Viscosity, Specific Giavity and Sack Foimation of Vat ions Fluids 



Range of 


Specific 


rill A 

Number Variation 

Viscosity 

Gray ity 

Sack 

Normal joint 

1 

20 00 

.. . 

Positive 

Normal joint 

1 

10 70 


Positiie 

Saliva, flltercd 

S +0 20 

1.00 

1003 

Positive 

Saliva, full 

2 ...» 

3 75 


Positive 

Egg flhite 

4 +1.55 

—095 

5 25 

1 040 

Positive 

Plasma. 

2 +0 20 

2 so 

1 027 

Negative 

Serum . 

10 +0 50 

—0 80 

190 

1.018 

Negatn e 

Serum from ovarian cj st 

2 +0 80 
—0.70 

2 20 

1 020 

Negative 

Lj mph vesicle m skm 

1 

210 

1012 

Ncgatiy e 

Peritoneal 

1 

ICO 

. 

Negative 

Pleural 

1 

1 90 

1 022 

Negative 


On the basis of his observations at autopsy, Schneider estimated that 
normal synovial fluids have a range of viscosity between 500 and 1,500. 
Extraordinary as these figures may appear, another observation is still 
more surprising. He induced the evaporation of 5 per cent of the 
water content of a fluid, and the viscosity rose from 1,490 to 3,659, 
an increase of nearly 150 per cent. If that be true, a dilution of 1 : 1 
would depress the viscosity about 3,000 per cent. As has been men- 
tioned, my procedure was to dilute fluids of a viscosity over 28 and to 
multiply the reading by the volume of water used. 

Control examinations were therefore carried out on a series of fluids 
that had a viscosity under 28. After determination of the viscosity, 
the fluids were diluted, and the viscosity was registered and multiplied 
by the volumes of water used. The results in diluted fluids were plus 
or minus 4.5 per cent; table 9 gives two estimations. The influence of 
evaporation was also controlled up to 35 per cent. The maximum 

8 Frerich-;. T Die SjnoMa. in Wagner. R Handw orterbuch der Phjsi- 
ologie. 1846, pt. 3, p. 463. 
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increase over the expected value was 26 per cent. The figures are in 
good agreement with the experimental curve of the increase of viscosity 
by protein solutions within the concentrations in synovial fluid, which is 
given by Hatschek.® I have therefore concluded that this calculation is 
correct within these limits of error, and that the Hess apparatus can be 
used in a comparative study of the viscosity of synovial fluids. It offers 
the advantage of having been widely employed in estimations of the 
viscosity of blood. Less than 0.5 cc. of fluid is needed. The instrument 
is reasonably priced and comparatively simple to operate. Schade“ 
justly pointed out the danger of using new and untried constructions 
for the determinations of viscosity. 

A few precautions are to be observed in carrying out the test. The 
apparatus should be frequently checked, water in both sides of the cap- 
illary being used. The flow of the fluids should be smooth. It is 
advisable first to work with fluids of low and stable viscosity, for 

Table 9. — Effect of Dilution and Evaporation on Viscosity 


Tluid Viscosity Per Cent Difference* 

Pull fluid 1 12.2 . 100 

Diluted l;i 6.6 46 —4 

Full fluid II 6.2 100 

Diluted i:l 3.4 55 +5 

Draporation 5% 7.2 116 +n 

JCvaporation 10% 8.0 ISO +20 

jEvaporation 20% 8.8 142 +22 

Fraporatloa 35% 10.0 101 +26 


* Differonco between expected and obtained viscosity. 

instance, with serum. Several determinations should be taken on one 
fluid, and the average value registered. If the variation exceeds 15 
per cent, the apparatus must be cleaned and the water changed and 
rechecked. For the dilution of synovial fluid, distilled water of room 
temperature should be used. One per cent is added to the result for 
each degree above, and subtracted for each degree below, 20 C.- 
In only two instances in which the joint appeared to be normal did 
I obtain enough fluid to determine the viscosity. One fluid was secured 
at operation on a man, 20 years of age, who had suffered from an 
to the internal meniscus a year previously. The viscosity was 20. le 
second fluid was aspirated from the knee of a leg, amputated for 
chronic ulcer after a burn, in a patient 21 years of age. The viscosi , 
was 10.7. The fluids had the same appearance and sack formation as 
did those from the other ten normal knee joints that I examine a 
autopsy. Some of the effusions of high viscosity, especially he con- 
tents of ganglions, appeared decidedly thicker and more visci i 

9. Hatschek, E.: Viscosity of Liquids, I>ondon, G. ^ 3, 

10. Schade, H.t Die physikalische Chetme in der inneren . 

Leipzig, Theodor Steinkopff, 1922, p. 562, 
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material obtained at autopsy. If conclusion is permitted from these 
cases, I would range the viscosity of normal fluid well within the limits 
found for the effusions and the two determinations just cited. 

Cajori and his associates ® examined the viscosity of pathologic 
effusions with the Hess apparatus. Their data, recorded in two papers, 
can therefore be directly compared with my material. In an article on 
the physiology of the synovial fluid that appeared in 1926, Cajori, 
Crouter and Pemberton gave the viscosity in nine cases. One fluid was 
from a patient with traumatic synovitis ; viscosity 3.3. The remaining 
eight were obtained from cases of chronic arthritis, the etiology of 
which could not be defined. The viscosity varied from 2.7 to 16.7. The 
authors did not comment on their observations. These data are in 
agreement with my material. Even in so limited a number, the wide 
range of variation exceeds decidedly the limits of transudates, exudates 
and other secretions. In the second paper, by Cajori and Pemberton, 
in which the chemistry of the synovial fluids is dealt with, the viscosity 
in twelve effusions is registered. One fluid (case 10) was from a 
patient with villous arthritis, and had a viscosity of 4.78; another 
(case 5) was from a patient with anasarca, and had a viscosity of 4.71. 
No diagnosis Avas giA'-en in the remaining ten cases, AA'hich had a range 
of viscosity betAvecn 2.91 and 4.79. The difference betAveen the maxi- 
mum and minimum viscosity Avas only 1.88 and forms a contrast to 
the extremely high values of Schneider. The authors calculated an 
average rdscosity of 4, next to their aA^erage for plasma. This is apt 
to be misleading. Simple observations shoAv the Avide difference in 
fluidity and stickiness of fluids Avithin joints AA'hich is not commonly met 
Avith in plasma. Here an average represents a nearly uniform property. 
In the fluids of joints, hoAveA^er, it only indicates an artificial condition 
caused by a limited selection of the material, most likely OAving to a 
mistake in the technic of aspiration. It is frequently noticed that 
thin needles are used. Therefore, only effusions of Ioav A'iscosity are 
obtained ; AA'hen the fluid is thick, the aspiration Avill not be successful. 
This also explains AAdiy some physicians, after attempting Avithout suc- 
cess to aspirate traumatic effusions, maintain that the blood is coagulated 
in the synovial cavities, AAdiile really only small coagula form, and the 
bulk of the blood remains fluid but of thick consistency through an 
admixture of synovial secretion. It is therefore essential to employ 
thick needles in aspirating fluids from joints. 

Factors Responsible for Viscosity. — The degree of inflammation and 
the stage of the process are of importance, irrespectiA-e of etiology. For 
this reason fluids from patients Avith acute specific and nonspecific 
arthritis shoAv less variation and start from a higher level than effusions 
from patients Avith chronic disease (table 10). In the four cases of 
gonorrheal arthritis shoAving the smallest A'ariation. the fluids Avere aspi- 
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rated within five weeks after the onset of symptoms. The lowest values 
were found in chronic hydrops, without involvement of the structures 
of the joints, and the highest were registered in hypertrophic arthritis 
and thickened bursae when only a few cubic centimeters of fluid was 
obtained. Roentgenograms confirmed the fact that no further accumula- 
tion of fluid Nvas present in these cases. 

The influence of these factors was pronounced in the group of 
syphilitic cases. Although of uniform etiology, they were in different 
stages. The lowest viscosity of 4.5 was found in a child, 5 years of 
age, with congenital syphilis, in whom effusion of the knee joints had 
developed two weeks previous to examination. Thirty cubic centi- 
meters of fluid was aspirated from each joint. The highest viscosity, 
40.8, was found in a case of dactylitis and tenosynovitis of the wiist of 
two years^ duration which yielded only 2 cc of fluid. Another case of 


Tablc 10 — Relation of Viscosity to Types of Atthutis 


Vis' Vi‘- 

Inflammatory Oases cosity Traumatic Cases cosity 

Nonspecifio arthritis, acute and subacute* 11 12 to 32 Sj’novitis, knee 11 2 6 to 34 

Chronict 22 1 C to 72 Intra artieiflar 2 13 2 to 22 

fracture, knee 

S 3 philitio 5 4 5 to 40 8 Prepatellar, bursitis 4 7 0 to 10 1 

Tuberculous 3 16 6 to 24 Synovitis, anl le 1 20 

Gonorrheal 4 10 1 to 16 8 

Rheumatic fever (3 determinations).. 1 7 8 to 12 

Purulent arthritis (Staphylococcus aureus, 

positive; 2 determ nations) 1 6 to 16 2 


* Streptococcus positive in tour cases 

t Streptococcus positive in three cases, and staphylococcus positne m one ca..c 


syphilitic hydrops of the right knee, of thirteen years" duration, from 
which 50 cc. of fluid was obtained, showed a viscosity of 11.4. 

The wide range of viscosity points to differences in the physico- 
chemical composition of synovial fluid in need of investigation. 


3 SPECIFIC GRAVITY 

The specific gravity of body fluids is determined by the concentni 
tion of crystalloids and colloids. According to Riiess, the sp,-ci c 
gravity of plasma and that of effusions is approximately proportiona 

to their content of proteins. 

This same relation was found also by Horyi,” in twenty-five syno- 
vial fluids obtained at autopsy on patients with general c ema ue 
disorders of the eirculation and kidneys. The specific Sjy' 
from 1.003 to 1.818. The lowest specific gravity was ' i , 

albtiinin content of about 0.5 per cent, and the highest (1018) 

cited in Salili- _Di,8nosnc Me.hods, ed 2, Pliil.delpl.i». W. B 

Saunders Company, 1918, p 917. _ Arch f. pahi 

12. Horyi, K : XJeber die menschhehe Sxnovia, ^ irehou - 

251:649, 1924. 
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one of 3.9 per cent. For normal synovial fluids, a specific gravity of 
1.040 was given by I\'Iayeda.^® He did not state the number or source 
of the fluids. 

In only three cases of effusions into the joints was the specific grav- 
ity registered. In two cases of synovitis of the knee, Hammarsten^ 
found a specific gravity of 1.017 and 1.022, respectively. In a case of 
coxitis, Salkowski^® registered a value of 1.021, 

I tested twenty-five inflammatory and fifteen traumatic effusions for 
specific gravity. When sufficient fluid was at hand the estimation was 
carried out with the urinometer; otherwise, a modification of Hamer- 
schlag's drop method in the determination of the specific gravity of 
blood was used (Kirkpatrick and Kling A water-insoluble mixture 
with a specific gravity of 1.020 is made up by combining one part of 
carbon tetrachloride and three and a half parts of xylene in a test tube. 
A drop of synovial fluid is let fall into the mixture. If it sinks to the 

Table 11. — SpeciHc Gravity 


Infiammatory Effusions Traumatic Effusions 

A \ 


Specific Gravity 

Cases 

Per Cent 

Cases 

Pet Cent 

1.015 to 1 020 

7 

2S 

5 

33 5 

3 021 to 1.025 

IS 

52 

S 

53.5 

1 020 to 1 010 

4 

10 

2 

13 4 

1 032 

1 

i 

0 

.... 

Tot at . 

25 


n 



bottom, its specific gravity is higher, and the heavy carbon tetrachloride 
is added slowly until the di’op is fixed about midway in the fluid. If 
the drop floats on the surface, the specific gravity is depressed by the 
addition of the lighter xylene until it again comes down half way. 

Over 50 per cent of both groups had a specific gravit}'’ between 1.021 
and 1.025 (table 11). These values are also commonly found in exu- 
dates. About 30 per cent showed lower values and were in the range 
of those for serum or transudates. Only about 15 per cent liad 
a gravity over 1.025, but they did not exceed the values for plasma. The 
striking differences in viscosity were therefore not reflected by the specific 
gravity. There was no correspondence between these properties; the 

13 Majeda. Tomosukc' Experimcnfelle histologische Studie fiber die Sjnovial- 
niembran. Mitt. a. d. med. Fakult. d. k. Univ. zu Tokyo 21:393, 1919-1920. 

14. Hammarsten, 0.: Beitrage zur Chemie der Svnovia, Tabrcsb Tbier- 
Chemie 12:480, 1881-1882. 

15. Salkowski, E.: Zur Kenntiiis der Synovia, insbesondcre dcs luucin- 
abiilicber Korpers dersclben. Virchows .^rch. f. path. Anat. 131:304, 1893 

_ 16 Kirkpatrick, J.. and Kling. D. H.: A Simplified .Method for Determination 
oi the Specific Graxity of a Few Drops of Urine. J. .A. M. A. 87:487 (A.u'r m) 
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highest specific gravity, 1.032, was registered with a viscosity of 8; on 
the other hand, an effusion with a specific gravity of 1.019 had a vis- 
cosity of 43. 

The concentration of the proteins that determines the specific grav- 
ity is, therefore, not the underlying cause of the variation in viscosity 
and the striking precipitation phenomena (sack formation). A review 
of the data published on the protein content of s}movial fluids shows 
that it ranges between 0.5 per cent (Horyi and 7.25 per cent (Cajori 
and his associates ®). If only the pathologic local effusions of the joints 
are considered, the range narrows from 3.5 to 7.25 per cent (Allison 
and his associates ^0. a difference of not more than 100 per cent, and 
is within the values for exudates and plasma. 

The Diffusible Constitiieiits . — Nonprotein nitrogen was found in 
equal concentration in plasma and synovial fluids by Fremont-Sinith,^® 
Allison and Cajori ® and their co-workers. Cajori found also the 
amino-acids, urea nitrogen and carbon dioxide in synovial fluid to be in 
close approximation to the values for plasma. 

Of the inorganic salts, calcium was found to vary from 4.6 to 9.4 
mg. per hundred cubic centimeters in the material of Horyi, but no 
relation existed between the concentration of the calcium and protein 
and the specific gravity. Lesser variations from 8.3 to 10.7 mg. were 
reported in three cases by Cajori and his co-workers. In six fluids from 
patients with chronic nonspecific arthritis I found a range in calcium 
from 7.8 to 10.6 mg. per hundred cubic centimeters. 

Salkowski first recorded the high content of 772 mg. of sodium 
chloride in his case. In comparative studies of joint fluids and plasma, 
Fremont-Smith, Allison and Cajori and their associates demonstrated 
the sodium chloride content to be higher in the former. The maximum 
difference of 54 mg. was found in Cajori and Pemberton’s case S, the 
sodium chloride in the plasma being 549 as opposed to 604 mg. per 
hundred cubic centimeters in the synovial fluid. In two patients of ni) 
series during a period of fasting, the chlorides were estimated in plasma 
and synovial fluids. The first had chronic synovitis which had devel- 
oped after trauma to the right knee. Chlorides in the plasma amounts 
to 447 mg., and in the synovial fluid, to 562 mg. (a difference ® ^ ^ 

mg.). The second patient had hypertrophic arthritis with free bodies 
in the right knee; the amount of chlorides m the plasma u as 
472 mg., and in the fluid, 582 mg. (a difference of 110 mg.). J bo>- 


17. Allison, N.; Fremont-Smith, F.; Dailey, M. E., f ^ 
parative Studies Between Synovial Fluid and Plasma, J. one oi 

18. Fremont-Smith, F., and Daile 3 ^ M. E.: Studies in 
Chloride and Protein Between Plasma and Synovial Fluid, J. B • 


1926. 
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phorus was estimated in the fluid from five patients with atrophic and 
hypertrophic arthritis. The values ranged between 3 and 3.9 mg. per 
hundred cubic centimeters. The sugar content of synovial fluids in non- 
infected cases was found by Fremont-Smith, Allison and their asso- 
ciates to vary between 58 and 119 mg. per hundred cubic centimeters. 
In ten fasting patients, the average value of sugar was 96 mg. in plasma 
and 84 mg. in synovial fluid, a difference of about 13 per cent. In 
fifteen nonpurulent cases/eported by Cajori and his co-workers, the con- 
centration was between 68 and 132 mg. per hundred cubic centimeters ; 
however, these patients were not fasting, and the authors demonstrated 
the rise in the concentration of sugar with the ingestion of food. 

In two tuberculous effusions, Allison and his associates found values 
for sugar of 45 and 61 mg., and in four fluids positive for gonococci 
and streptococci, the sugar was between 19 and 43 mg. The authors 


Table 12 . — Cell Count and Sugar Content 





Polymor- 

Sugar, 





phonuclcar 

Mg. 





Leukocytes, 

per 


Ko. 

Diagnosis 

Cells 

per Cent 

100 Cc. 

Comment 

1 

Synovitis, knee 

27,800 

74 

07 

Trauma two years previously 

2 

Gonorrlical polyarthritis 

20,100 

86 

70 

Acute 

•\ 

Syphilitic bilateral artliritis, knee 

18,300 

00 

90 

Acute; congenital syphilis 

4 

Chronic syphilitic arthritis, knee 

5,450 

5 

ISO 


r, 

Atrophic poiyartliritis 

4,300 

22 

92 

Subacute 

G 

Traumatic synovitis, knee 

Chronic atrophic polyarthritis... 

2,300 

65 

123 

Erythrocytes, 3,300,000 

7 

1,800 

40 

105 

8 

Chronic arthritis, knee 

1,400 

08 

90 

Xonspecific 

0 

Sj'novitis, knee 

000 

2 

94 

Blood sugar at fasting, 82 

10 

Hypertrophic arthritis, knee 

700 

3 

81 

Blood sugar at fasting, 71 


concluded that very low values may be indicative of bacterial infection. 
However, Cajori and Pemberton reported a case of purulent synovial 
fluid of unknown etiolog}' in which the sugar was almost absent (from 
8 to 10 mg.), and in which repeated cultures and inoculation in animals 
gave negative results. The cell count amounted to 13.880, of which 97 
per cent were polymorphonuclear leukocytes. They carried out a glycol- 
ysis experiment on this fluid and on the cell-free filtrate bv adding 30 
mg. of dextrose to each portion. After incubation for seventeen hours, 
the full fluid showed a decrease in the sugar content from 145 to 27 
mg., while the centrifugated specimen showed a decrease only from 121 
to 114 mg. per hundred cubic centimeters. The authors concluded that 
glycolysis is due to the action of the leukocytes, irrespective of bacterial 
infection. 

Some support is given to this conclusion by ten effusions of specific 
and nonspecific origin (table 12). The total cell count seems to have 
less influence on the glycolysis than the number of leukocytes present. 
Number 4 with 5,450 cells but only a few leukocytes had 130 mg. of 
sugar, while number 8 with only 1,400 cells had 68 mg. of sugar per 
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hundred cubic centimeters. In this case, however, the polyinorphonii- 
clears amounted to 68 per-cent. Fluid from these patients was aspirated 
in the afternoon and evening, and, therefore, the influence of the intake 
of sugar must be considered. In two patients (9 and 10) with non- 
in fectious chronic arthritis (one posttraumatic, the other hypertrophic), 
sugar was estimated in the synovial fluids and blood which were simul- 
taneously aspirated before breakfast. The synovial fluids contained, 
respectively, 94 and 81 mg. of sugar per hundred cubic centimeters. 
The sugar in the plasma was 82 and 71 mg., respective^. It can be 
seen, therefore, that in the fasting state, the sugar in the synovial fluids 
exceeded the sugar in the plasma, both patients’ total cell counts were 
low, and the polymorphonuclear leukocytes were only from 2 to 3 per 
cent. It can be concluded that accurate information is obtained only if 
the estimation for sugar is carried out simultaneously on the plasma and 
synovial fluid of the fasting patient. According to Fremont-Smith and 
his associates, lower values for protein and higher values for chloride 
are found in pleural, peritoneal and spinal fluids, as well as in syno- 
vial effusions, than in plasma ; in fact, this is true of all body fluids that 
are jmoduced by dialysis. On the basis of their calculations, these 
authors found that the Donnan membrane equilibrium applies to the 
distribution of protein and chloride between synovial fluid and plasma. 
They concluded that pathologic effusions into the joints are derived 
from plasma by dialysis rather than by secretion. This theory will be 
discussed later. 

Important as the role of the diffusible constituents may otherwise 
be, it has no significance in an explanation of the variation in viscosity 
and sack formation in S 3 aiovial fluids. This is realized when one figures 
in percentages rather than in milligrams. 

The highest value of sugar encountered does not exceed 0.15 pei 
cent; that of sodium chloride is less than 0.8 per cent. In these con- 
centrations neither has an influence on viscosit 3 c According to He}'der 
and Rohrer,"® a solution containing salts and urea in the concentration 


of the blood has a viscosity of only 1.018. . 

Carbon dioxide increases the viscosity of fluids. However, Cajon 
and his associates found in synovial fluid a carbon dioxide percentage 
by volume of from 43 to 61, which is under the low reading for venous 

blood plasma. _ . . .. t„ 

Increased acidity may be responsible for a raise in H 

excellent review of the data on synovial fluids, Forkner - tabulated 
pji values according to different authors. For nonpuru ent, ^ 
tory and traumatic fluids, the range of pn is • o • • 


19. Heyder and Rohrer: Deutsches Arcli._ h Special 

20. Forkner, C. E.: The Synovial Fluid m Health and D.s < 
eference to Arthritis, J. Lab. & Clin. Med. 15:1187, 1930. 
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extreme values were obtained in few cases. In ser en purulent, septic 
cases registered by Boots and Cullen, Cajori and Pemberton and Habler, 
the pn ranged from 6.19 to 7.24. Hammarsten, Mayeda and Horyi 
found the reaction in their cases to be alkaline. 

In thirty fluids in my material, from patients with acute and chronic, 
nonspecific, gonorrheal and syphilitic arthritis, the reaction to litmus 
was alkaline. One fluid, from the knee of a child with acute purulent 
arthritis, caused by injury through the driving in of a nail, gave an 
acid reaction. Staphylococcus aureus was present in great numbers in 
the smears and was readily grown in the cultures. However, on the 
day following the operation the reaction had already changed to alkaline. 
The viscosity dropped from 16 to 6. 


Table 13. — Reactions of Mucin, Mucoid and Nucleoprotcius 


Substance 

iMueln 

Pseudomucin., . 
Ovomucoid... 

Chondromucold 

Synovia mucin (von Holst -=) 
Synovin (SalkoMsbi 1®)... . 
N’ucleoprotoin.. . . 

Origin 

Saliva 

Ovarian cyst 

Hgg white 
Cartilage 
Synovial fluid 
Synovial fluid 
Xucici cyto 
globin 

3 Per Cent 
Acetic Acid 
Precipitin 

Heavy 

Xcgntlve 

Slight 

Positive 

Positive 

Positive 

Positive 

(soluble in 

c.vcess) 

ficduction 
oi Copper 
Sulphates 

Positive 

Positive 

Positive 

Positive 

Positive 

Xcgative 

Xegative 

Phosphorus 

Xegative 

Xcgative 

Xegative 

Negative 

Negative 

Negative 

Positive 

Taulp 14. — Specific 

Giavity of Full and Supernatant Synovial Fluid"' 

Xo. 

. Pull 

.Supernatant 

Hapected Value 

1. . ... 

10” 


I.OIS 

I.OIC 

O 

1.022 


1 OIT 

I.OIG 

o 

1024 


i.ms 

1.016 

4 . . . 

1.020 


1.013 

1.013 


* The Fpcciflc gravity ol the acetic uciil used lor preep tiition ttas 1.004. 


Therefore, as first brought out by Boots and Cullen, an acid reac- 
tion is found only in purulent arthritis. The pn of nonpurulent fluid is 
within the range or exceeds the values of normal plasma. 

The review shows that neither the total percentage of protein nor 
any of the diffusible constituents can explain the differences in the 
viscosity and precipitation phenomena of synovial fluids. It is there- 
fore necessary to consider the different fractions of the proteins sepa- 
rately. 

Globulins . — That globulin increases viscosity more than does albumin 
was stated by Heyder and Rohrer and experimentally’ proved in the 
curves quoted by Hatschek. The globulin content estimated by Cajori 

21, Boots. R, H., and Cuilen, G. E.; The Hydrogen Ion Concentration of 
Joint E.vndates in Rhetimatic Fever and Other Forms of Arthritis J E.xper Med 
36:405. 1922, 
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and Pemberton in twelve fluids varied from 0.3 to 3.45 per cent A 
case of anasarca had the minute amount of 0.025 per cent. With the 
exception of one case, the corresponding content in the plasma was 
found to be higher. The ratio of albumin to globulin was 2 in the 
fluids and 1.9 m the plasma. In other words, in this material globulins 
made a smaller percentage of the total proteins than they did in 
plasma, with one exception. They can therefore not be responsible for 
the higher viscosity of these fluids. However, in fluid from an acute 
case of gonorrheal polyarthritis, containing 10,200 cells Avith a protein 
content of 6.43 per cent, the globulins amounted to 4.18 per cent and 
the albumin only to 1.31 per cent. The ratio is 0.314. The albumin 
only makes up 31.4 per cent of the globulins. The viscosity in this 
case was 16.8 (table 15). 

The influence of the globulins was therefore determined directly by 
comparing the viscosity of the full fluids and a fraction freed from 
globulin by precipitation rvith equal parts of saturated ammonium sul- 

Table 15 . — Protein Ft actions in Synovial Fluid in a Case of Acute Gonorrheal 

Ai tin if is 




Synovial Fluid 



Full, 

Supernatant, 


Fraction 

per Cent 

per Cent 

Protein 


6 43 

5 49 

Albumin 


1.31 


Globulin 


418 

3 97 

Mucin, calculated 


0 94 


Albumin globulin 


0 314 

... 


phate. After centrifugation the clear supernatant fluid was pipetted 
off and the viscosity determined. Since the difference between the Ads- 
cosity of water and that of the saturated ammonium sulphate Avas 1.4, 
half of this number (0.7) Avas substracted from the viscosity of the 
globulin-free fraction and the rest multiplied by 2. The last column of 
number 1 in table 17 shows the decrease in the cited case to be 40.5 


per cent. In fiA^e other determinations from cases of chronic infectious 
and noninfectious arthritis, decreases of viscosity betAveen 11.8 and 42 5 
per cent are registered. Although this appears to be a considerable 
percentage, the resulting viscosities still exceed the range for plasma 
and exudates, Avith the exception of one case of chronic jirepateHr 
bursitis in which the full fluid has a viscosity of only 2.5 (no. 7 table 1/). 

The globulins, therefore, have a marked but only a limited influence 


on the viscosity of synovial effusions. 

Fibriiiogea. —That the content of fibrin varies in different 
demonstrated by the fact that some fluids coagulate 
a short time after withdrawal ; others show only fine threads of h . 
and a great number remain liquid and clear on standing. 
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I found that fluids from patients with acute infections coagulated 
completely and quickly. However, quantitative estimations are needed 
to draw conclusions that may be of clinical value. As the viscosity is 
determined after the removal of clots, this variation of fibrinogen in 
the full fluid is immaterial. An estimate of the fibrinogen in the clear 
fluid has been attempted in fourteen cases of inflammatory and in eight 
cases of traumatic effusions by precipitation with equal parts of con- 
centrated sodium chloride solution and incubation in the thermostat. 

In the effusions of six cases of traumatic origin and eight cases of 
inflammatory origin only traces of fibrinogen were found. In two trau- 
matic and six inflammatory effusions veiy thin floccules appeared, such 
as those seen in the control made with serum. Fibrinogen therefore was 
absent or present only in minute quantities in the clear fluids and had 
no influence on the viscosity. 

The result of the investigation reveals that none of the colloids or 
diffusible constituents of plasma produce the high values, the wide range 
of viscosity and the precipitation phenomena found in fluids from nor- 
mal and pathologic joints. 

Before considering a component of synovial fluid not found in 
plasma, the mucinous substance, I shall discuss the relation of viscosity 
and specific gravity to the sack formation. High viscosity and specific 
gravity are not essential to such formation. Filtered saliva of a vis- 
cosity of only 1.6 shows this phenomenon. In synovial fluids, sack 
formation occurred at a viscosity of around 3 and at the lowest specific 
gravity (1.015). Viscosity and specific gravity determine the appearance 
of the sack. The sacks in saliva and in the fluids of low viscosity are 
thin and of short duration, while fluids of high viscosity produce sacks 
with thick membranes which are preserved indefinitely. At low specific 
gravit)’’ the sacks remain on the surface ; at higher gravities the tube 
formation appears and the sacks sink to the bottom. The preservation 
of the sack depends on the resistance of the membrane and the gravity. 

4. THE MUCINOUS SUBSTANCE 

In 1846, Frerichs ® expressed the opinion that the difference in the 
appearance between transudates and synovial fluid is due to a mucinous 
substance that can be precipitated by acetic acid. He regarded the syno- 
vial membrane as an epithelium, the superficial cells of rvhich undergo 
disintegration analogous to that of the horny layers of epidermis and 
form the mucous substance by dissolution in serum. 

In 1882, Hammersten examined the mucin in two inflammatory 
effusions. They contained phosphorus. Therefore, he considered the 
substance as a nucleo-albumin. Salkowski,^^ in 1893, carefully studied 
the chemical composition of the synovial fluid in a case of chronic 
coxitis. The mucinous substance was isolated by precipitation with acetic 
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add, redissolution in sodium hydroxide, repredpitation and repeated 
washing with alcohol and ether and finally dried in a desiccator over 
sulphuric acid. The substance amounted to 0.375 per cent. It did not 
contain phosphorus ; after hydrolyzation by boiling with a weak solution 
of hydrochloric acid for from one to several hours, it did not reduce 
Trommer’s sugar reagent. The absence of phosphorus proved the sub- 
stance to be different from a nucleoprotein. 

A calculation of the figures given by Hammarsten showed that the 
phosphorus content in the two fluids was only about 0.2 per cent. 
Nucleo-albumin of such low phosphorus content was not known, and 
Salkowski concluded that Hammarsten worked- with a mixture of mucin 
and nucleo-albumin derived from the lymphocytes, which were present 
in these fluids in large numbers. 

The absence of a compound nitrogenous sugar was proved bv the 
negative outcome of the Trommer reaction. The mucins being glyco- 
proteins which reduce copper sulphate readily, Salkowski regarded this 
substance as a special modification of mucin, which be called “synovin.” 

Von Holst isolated mucin from the s)movial fluid of cattle by 
precipitation with diluted acetic acid in a similar procedure. Examina- 
tion of the dry product was negative for phosphorus and on hydrolyza- 
tion reduced copper salts, thus giving all the reactions of a typical 
mucin. He made the observation that the supernatant fluid, after pre- 
cipitation of the mucin, lost its viscous character. 

The results obtained by both authors have established in the normal 
synovial fluids of cattle and the pathologic effusions of man the pres- 
ence of a mucinous body that is free from phosphorus and therefore not 
derived from nucleoprotein or cytoglobulin. However, the effusion from 
a patient with coxitis did not give a positive sugar reaction. 

These are the only complete analyses of the mucinous substance in 
synovial fluid that have been published. This substance was not con- 
sidered again until 1923 and then in a brief statement by Fishei that 
the mucin content was 1.95 per cent in normal synovial fluids secured 
at autopsy on man, and onl}^ 0.1303 per cent in oxen. No mention is 
made of the methods of preparation or analysis, the phosphorus content 

or the sugar reaction. _ r- ■■■ A 

The last reference to mucin is found in the article b} ajoii 
Pemberton.® They precipitated the mucin with acetic acid, m 
ner of von Holst, removed the supernatant fluid b}' filtration and ce cr- 
mined the nitrogen content either directly or by the loss ‘ 

aliquot part of the supernatant fluid. On the basis o Aon 


22. von Holst, G.: Serosa Mucin; eine Mucinsubstanz ini .\scites. 

nd S}'novia, Ztschr. f. pbys. Chem. 43:145, , jj-eatrnent oi 

23. Fisher, A. G. T.: Physiological Principles lender . ung the Treat, n 

njuries and Diseases of the Articulations, Lancet 2:34, - • 
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determination that the nitrogen content in the mucin is equal to 13.26 per 
cent, they estimated the quantity of mucin by multiplying the nitrogen 
with 7.54. Xo evidence was given that the elementary analysis found in 
the effusions of normal cattle applies to the normal and especially to the 
pathologic effusions in human beings. The procedure therefore cannot 
be accurate. No determinations of phosphorus or sugar reaction were 
carried out. However, the authors made the valuable observation that 
the viscosity of three fluids after precipitation of the mucin dropped to 
the level found in plasma. 

ily review has shown that the mucinous substance was prepared in 
drv form and thoroughly investigated in only one effusion. This analysis 
disagreed with an older as well as with a later analysis of the normal 
synovial fluid in cattle in two important points : phosphorus content and 
sugar reaction. A reinvestigation was therefore indicated. 

By separating the precipitate from the supernatant fluid by centri- 
fugation instead of filtration, the whole process was carried out in one 
test tube. This had the further advantage that fat, lutein and cholesterol 
were separated as a scum on the top of the tube, thereby saving separate 
extraction and loss of material. With this modification enough dry sub- 
stance for complete analysis can be obtained from 30 cc. of fluid. 

The mucinous substance was prepared in dry form in eleven fluids 
of traumatic, of acute and chronic synovitis and of nonspecific, 
syphilitic and gonorrheal arthritis. 

Method of Preparation of the Mucinous Substance . — Centrifugate the synovial 
fluid until it is perfectly clear. Hake sure, under the microscope, that no cells are 
present. Transfer the clear synovial fluid to large centrifuge tubes with wide 
bottoms. Add slowly half the amount of 3 per cent acetic acid. Shake and cen- 
trifugate for ten minues. Remove the scum on the surface with a glass rod and 
decant the supernatant fluid. Fill to the original amount with 0.1 per cent sodium 
hydroxide. After dissolution, reprecipitate with half the amount of 3 per cent 
acetic and centrifugate. Decant the supernatant fluid, and wash the precipitate 
first with alcohol and then with water. Dry in a desiccator over sulphuric acid. 

Traumatic effusions contain considerable bilirubin which is precipitated by the 
acetic acid. It is therefore necessary after the solution of the precipitate by the 
weak alkaline to add an equal volume of absolute alcohol and acidify by adding a 
few drops of glacial acetic acid and to centrifugate. The bilirubin is kept in 
solution by the alcohol. The supernatant fluid is yellow, and the precipitate turns 
whitish. 

Properties of Mxicinoiis Substance . — The mucinous substance is a 
yellowish or whitish amorphous substance with a waxen shine to the 
surface. It is translucent in thin plates, hard and nonflexible (fig. 5). It 
is soluble in diluted alkali, and the solution is stick}-. It is insoluble in 
water, acids and alcohol. It can be precipitated by 3 per cent acetic acid, 
hydrochloric acid and alcohol. It does not contain phosphorus. Reduc- 
tion of copper salts was negative. The reaction to the biuret test, modi- 
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tied according to my method,’* was positive. Examination for purine 
bodies gave negative results. According to one estimation, it weighed 
0.467 Gm. per hundred cubic centimeters of fluid. 

Comwe7it.~The reactions to acids and alkalines are typical for 
mucin. The absence of phosphorus and purine bodies excludes nucleo- 
proteins (table 13). The sugar reactions were negative after prolonged 
hydrolyzation. Whether this is due to the absence of a nitrogenous 
sugar in the molecule or to some peculiarity, I am not prepared to state. 
Technical reasons prevented an elementary analysis, in which the deter- 
mination of the sulphur content, especially, could throw light on the 
composition. 

However, it is evident that the substance is not derived from dis- 
integration of cartilage, as chondromucin readily reduces copper salts 
(table 12). The changes that take place in the fluid after precipitation 
reveal the significance of the mucinous substance. 



Fig. 5. — Several specimens of dry mucinous substance from synovial fluid. 


The Supernatant Fluid . — The supernatant fluid is whitish or yellow- 
ish, the latter in traumatic effusions containing bilirubin. It is clear or, 
if the globulin content is high, somewhat turbid. The specific gravity 
is only slightly lower than it is in full fluid. The calculation shows this 
to be caused by the addition of the lighter acetic acid (table 14). This 
indicates that no marked changes in the protein content or salts have 
taken place by the removal of the mucinous substances. This is con- 
firmed by the direct estimation of protein and globulins in one case 
(table 15). In two cases (table 16), the diffusible coihents of blood, 
full and supernatant fluid are compared. If allowance is made for the 
limit of error, the differences are insignificant. The supernatant ui 
still contains the bulk of colloids and diffusible constituents. 

An enormous drop, however, occurred in viscosit} equal to 
decrease between 312 and 1,780 per cent (table 17). 
iation between the minimum of 0.8 and the maximum o . is 
within the limits of viscosity for transudates and exudates. I he pect 

^ Kling, D. H. : A Convenient Modification of the Biuret Test. J. Tab. & 
Clin. Med. 15:185. 1929. 
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precipitation phenomena disappeared. The fluid no longer showed sack 
formation but gave either a positive or a negative Rivalta reaction. In 
short, the supernatant fluid has all the physical and chemical character- 
istics of simple transudates or exudates. 

Table 16 . — Chemical Analysis of the Blood and of Full and Supernatant Synovial 
Fluids in a Fasting Patient, Expressed in Milligrams per 
Hundred Cubic Centimeters 


Pluid 

Sugar 

Urea 

Nitrogen 

Crcutl- 

nine 

Ciiloridcs 

Calcium* 

Phos- 

phorus* 

Blood 

S2 

11.3 

1.77 • 

477 

10.1 

3.12 

Synovial 

94 

12.1 

1.50 

562 

7.8 

2.00 

Supernatant 

94 

13.1 

1..79 

GOO 

S.8 

2.84 


' EPtimntcd on a second fasting patient. 


Table 17. — Spccidc Viscosity of Synovial Fluid Determined in Full, Supernatant 

and Globulin-Free Specimens 


Specific Viscosity 


No. 

Pull 

Supernatant 

(Mucin-Free) 

Decrease, 
per Cent 

Globulin- 

Free 

Decrease, 
per Cent 

1 


l.C 

1.030 

10.0 

40.5 



0.9 

1.718 

9.0 

40.0 

;j 


0.9 

1.718 

0.2 

42.3 

4 


1.9 

1.780 

28.2 

11.8 


13.C 

1.9 

0.720 

9.2 

32.3 

0 


1.4 

0.900 

9.2 

31.3 

7. . . 4 . 

2.3 

0.8 

0.D12 

1.0 

30.0 

8 

2S.0 

1.8 

1.550 

. • • • 

.... 

9 

10.8 

1.0 

1.050 

... * 


10 


1.0 

1.000 

. ... 

.... 

n 


l.T 

0.070 

.... 

.... 

12 

12.0 

1.3 

0.920 


.... 

13 


1.2 

1.2.20 




Table 18. — The Composition of Synovial Fluids 


Origin Synovial Meini)rane Circulation 

Supplies Mucinous suBstanec Plasma 

Synovial cells Blood cells 

Properties Protection, lubrication Nutrition 

Antibodies Antibodies 

Coinpo.sition of Special Types 

- - - Jt - — — ■■ - ■ 


Type Source Ccll.“ Percentage* 

Normal fluid Synovial membrane Tissue 

Transudntc.e Circulation None 2 

Exuilates Circuiation Blood t 

Inflammatory and traumatic effusions Circulation and Blood and 

synoviai membrane synovial ccll.s 94 


* Calculated on the basis of 200 pathologic elTu.sions. 


A direct proof that the mucinous substance produces both the pre- 
cipitation reactions and the increase in viscosity is given in the following 
experiment. About 5 mg. of the dry substance was dissolved in 10 cc. 
of serum to which a drop of 10 per cent sodium hydroxide was added. 
The viscosity of the serum was raised from 1.7 to 4, and sack formation 
appeared. Previously even the Rivalta reaction had been negative. 
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THE ORIGIN OF NORMAL AND PATHOLOGIC SYNOVIAL FLUIDS 

This investigation revealed a dual composition of pathologic effusions. 
The supernatant fluid after precipitation with acetic acid contains pro- 
teins and diffusible constituents of plasma, transudates and exudates. 
Their distribution indicates that they are derived from the circulation 
by diffusion (Fremont-Smith). They represent the systemic response 
to inflammation. In traumatic effusions they are carried into the joint 
cavity by the rupture of a vessel. The mucin-like precipitate, however, 
is not present in the plasma. It is produced by the synovial membrane. 
It is demonstrated in the.fluids of normal joints as well, and must there- 
fore be regarded as a physiologic product. Inflammation and irritation 
only tend to increase its output. This substance determines the physico- 
chemical properties of synovial fluid, like stickiness, sack formation, vis- 
cosity and precipitation. Its biologic function is entirely different from 
the fraction derived from the circulation. The proteins and crystalloids 
of the latter are a source of energy and nutrition. The mucinous sub- 
stance is adopted for protection and lubrication of the articular surfaces. 

This is a foremost requirement of the working, healthy joint. Nor- 
mal synovial fluid consists, therefore, of a small amount of this colloidal 
lubricant furnished by the membrane according to the requirement for 
proper function. The fine adjustment that characterizes living matter 
is well demonstrated in the synovial fluid. 

The slightest disturbances, like the absence of motion (Frerichs and 
Horyi), are of influence. Irritation and inflammation produce changes 
in the amount and composition of synovial fluid proportional to the 
degree of disturbance. This applies to the cellular elements as well as 
to the liquid portion. 

Normal synovial fluid contains few cells, and they are chiefly syno- 
vial lining cells. Different types of ’leukoc3des in various amounts, 
according to the stage and the degree of the process, are found in 
inflammatory effusions ; trauma brings red blood corpuscles into t le 
fluid. 

The Mechanism and the Place of the Elaboration of No) nial Synoota 
Tim'd.— Changes in anatomic conceptions of the synovial membrane 
resulted in different theories regarding the source of syno\ia 
Some still propose that it is a product of disintegration eit lei rom 
superficial cells of the synovia (Frerichs) or from cartilage ( 
and Bianchi"^). This is based on an erroneous analogy to tie 

layers of epidermis. 

"ilKKi D. H.: Synovial Calls in Joint Effosions, J. Boot & Joint Sm 
12:867, 1930. 

26. Ogston. Quoted by Fisher tfootnote 231. 

27. Bianchi, quoted by Mayeda (footnote 13). 
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The superficial lining cells of the synovia are seen to be intact in 
fresh preparations; their nuclei and cytoplasm stain well. Also the 
superficial ceils of the articular cartilage appear healthy they are nearest 
to the perichondrium in the lateral parts of the cartilage. Fisher advances 
the theory that the superficial cells generate the deeper layers in the 
central portion. 

Beiminghoff demonstrated that their fibers form an important sys- 
tem in the architectonic structure of the articular cartilage. The clean 
appearance of the normal joint cavity and the small amount of debris 
in the contents also disprove this antiquated theory. 

The conception of the synovial membrane as a modified connective 
tissue, not endowed with secretory elements, advanced the theory that 
the synovial fluid is a transudate. The analysis has demonstrated that 
this applies only to one fraction of the pathologic effusions. The phys- 
icochemical properties and the function indicate that the normal syno- 
vial fluid is a product of specialized cell activity. 

The anatomic l^asis for this view was furnished by an extensive 
histologic study by Mayeda. The synovial membrane is not of uniform 
structure. In 1894, Hammer noticed the great variation in the forms 
and the number of the lining cells. Key"^' recently emphasized the 
variation in the subsynovial tissue. 

Mayeda proved that the function of different parts varies with the 
structure. The distal part of the suprapatellar bursa and the membrane 
of the ’posterior aspect of the knee joint are composed of a firm con- 
nective tissue and covered by a single and partly interrupted row of 
small, flat cells. The plica adiposa, the fornix of the suprapatellar 
poucli and the villi contain loose subsynovial tissue and several rows of 
large polygonal cells. By special staining methods, Mayeda demon- 
strated in some of these cells Altmann granules, Haidenhain granules 
and also mucin granules. These gave a positive o.xydase reaction, and 
accumulated and excreted colloidal iron solutions, injected intravenously. 
The secretory nature of the cells producing the mucinous substance was 
therefore proved. 

Timbrell Fisher in a later publication observed mucin in cells of the 
villi, stained with thionine. In preparations fixed with sublimate and 
stained with toluidine blue, I have demonstrated in sections and in 
scrapings the presence of cells with metachromatic reddish or purple 
granules that filled the cytoplasm. The nuclei were normafty shaped 
and well stained, and were therefore not degenerated, 

28. BenninghofT, A.: Die modeUkrenden \hk1 forni-crhaltcnden Faktoren der 
Knorpeirclkfs, Ztsclir. {. d. ges. Amt 76:43, 1925. 

29. Key, .Mbcrt: Synovial Membrane in Special Cytologv, Xew York Paul 
B. Hoeber, Inc., 1928, vol. 2. 
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In summary it can be said that the structure and the function of 
the synovial membrane are twofold. One part is built for mechanical 
binding of the epiphyses constituting the joint; it is connective tissue 
capsule, inward and outward. The other part is interposed at the intra- 
testicular surfaces, for the maintenance of smooth motion and lubrica- 
tion. This is the function of the intra-articular fat depots, synovial folds 
and villi and their lining containing actively secreting cells. 

The conception of the composition of the synovial fluid on the basis 
of these studies is summarized in table 18. Normal fluid is chiefly 
secreted by the synovial membrane. Transudates and exudates forming 
6 pel cent of a series of 200 fluids are derived from the circulation. 
Ninety- four per cent of the traumatic and inflammatory effusions 
contained products of both circulation and synovial secretion. 

CLINICAL CONSIDERATIONS 

The clinical significance of the differentiation of the structure of the 
membrane and of the normal and pathologic synovial fluids is a sub- 
ject for separate stud^c Here I shall point out briefly some of the 
applications. 

T/ie Protective Influence of Synovial Secretion . — The development 
of the membrane and of the fluid is different in various joints. The 
secretory element is best developed in the knee joint and less well 
developed in the wi'ist and tarsal joints. The primary response to 
inflammation and irritation of the knee is therefore effusion; that of 
the wrist, infiltration and pannus formation. This explains why the 
same etiologic factor, for instance gonorrhea, produces in the same 
patient a chronic exudative arthritis of the knee joint and an infiltrative 
and ankylosing process of the wrist. 

Motion is the natural stimulus for the secretion of synovia, as is 
food for the secretion of gastric juices. The detrimental effect of 
immobilization, especially in knee joints, is therefore explained by the 
interference with this secretion in a joint highly adapted to it. 

The protective action of the synovial secretion is further seen by 
the fact that forms of arthritis with effusions generally have a better 
prognosis than -the infiltrative, atrophic forms. In the latter the s}no 
vial membrane undergoes early destruction, and the process spreads 
over the cartilaginous and bony surface without a barrier. The atrophy 
reaches a high degree and ankylosis occurs. In arthritis with e usion , 
inflammation is met with hypertrophy and hypersecretion of t le mem 
brane, the articular surfaces are protected, and the resulting atropi} 
only proportional to the decrease in function. 

The Relation BeHveen Trauma and 
analysis has demonstrated the almost immediate reaction of the .. 
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membrane to intra-articular injuries. Of the seventy-eight cases of 
acute hemorrhagic eiTusion. only two contained Idood corpuscles and 
serum alone. The hemorrhagic fluid in all others had a high viscosity, 
sack formation occurred, and the mucinous body was precipitated by 
acetic acid, even in the first days after injury. Besides the mechanical 
disturbance, the hemarthrosis therefore produces an irritation and hyper- 
secretion. .Although self-limited by absorption in the majority of 
injuries, in some cases the process continues. This explains the frequent 
transition of traumatic effusion into chronic synovitis and the develop- 
ment of diminished resistance in injured joints. In many cases of 
monarticular arthritis, careful inquiry reveals a trauma preceding by 
months and even years an inflammator)’- process, which may have been 
brought about In- influenza, tuberculosis, syphilis or gonorrhea. 

Osicochrondilis Dissecans and Loose Bodies . — Osteochondritis disse- 
cans and loose bodies offer a good opportunity to demonstrate the differ- 
ence in function of the two components of synovial effusions. The 
patholog^ic process in osteochondritis dissecans consists of the necrosis 
of a shell of the articular cartilage. If Strangeways’ and Fisher’s 
contentions that normal synovial fluid has a nutritive value are true, 
how could the necrosis ever have taken place? Even if the shell were 
cut oft" from the circulation, it could find tiourishment in the synovial 
fluid. This is not the case as long as the necrotic piece of cartilage is 
still attached. In m)' cases, I had the opportunity to observe at opera- 
tion that no irritation of the synovial membrane was present; the syno- 
vial fluid was normal in amount and composition. As soon, however, 
as the fragment of cartilage becomes detached and free it impinges on 
dillerent parts of the membrane during motion and produces irritation 
and transudation from the vessels, which import the proteins and sugar 
needed for nutrition by diffusion. 

The cartilage cells start to generate and the loose bodies grow. 
Unlike necrosis without detachment, effusion is usually associated with 
loose bodies. They grow, therefore, because they produce their pabulum 
and not because it is already formed. 

SUMMARY 

Studies on the source and origin of synovial fluid were carried out 
on a material of thirteen normal fluids and two hundred pathologic 
efl'usions. 

Xormal fluids and about 95 per cent of the effusions gave precipita- 
tion ])hcnomena with diluted acetic and hydrochloric acid, consisting of 

30. Strangeways. T. S. P. : Tlie Xutrition of .A-rticular Cartilage Brit M 1 
l;o61. 1920. ' ■ ‘ ■ 
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membranes and sacks. Analogous phenomena were found with mer- 
curic chloride solution, and somewhat modified phenomena with alcohol 
These reactions were not found in plasma transudates and exudates 
from other cavities of the body; they were, however, demonstrated in 
fluids that were cell secretions, like saliva and egg white. 

The viscosity of normal, and the majority of pathologic, synovial 
fluids is higher and the range of variation is greater than that found in 
plasma and exudates. 


The specific gravit}^ on the other hand, is in the range of that for 
body fluids. 

Accordingly, the substances that determine the specific gravity, the 
proteins and crystalloids and their fractions, were found to be in the 
range of these fluids. 

It was experimentally proved that none of the colloids and diffusible 
constituents of plasma produce a difference in viscosity and formation 
of sacks. The blood gases and the pn were demonstrated to be without 
marked influence. 

A mucinous substance was prepared in dry form from the effusions 
of the joints, which was proved to be responsible for the physicochemi- 
cal properties of synovial fluids. 

Mucin granules were demonstrated by special staining reactions in 
active cells in well defined areas of the synovial membrane, confirming 
the earlier work of Mayeda and of Fisher. 

The mucinous substance is recognized to be a physiologic product. 

Motion is the adequate stimulus, and lubrication and protection are 
the functions, of this secretion. 

Normal synovial fluid is finely adjusted to the physiologic require- 
ments. 

Mechanical or inflammatory disturbance of the structure and func- 
tion of the joint causes changes in the amount and composition of this 


secretion. 

Ninety-four per cent of the pathologic effusions in this material vere 
derived from both cell secretion and circulatory exti avasation. 

Four per cent are considered to be pure exudates oi tiansudates. 

On the basis of the physiochemical and anatomic studies, the ^ie\\ 
advanced that the structure and function of the synovial membrane are 
twofold : a connective capsule for binding purposes in which secreto . 

elements are interposed. _ , 

The clinical applications of these studies are illustrate m a nui ^ 

of pathologic conditions. 


The materia] for these studies was derived from the ^ 

)rs. Harry Finkelstein, Henry C. Frauenthal, Samuel Kle.nberg and L 

f the Hospital for Joint Diseases. 



THE UNION OF GRAFTS OF LIVE AND OF 
PRESERVED FASCIA WITH MUSCLE 

A COMPARATIVE STUDY 

S. L. HAAS, M.D. 

SAX FRAXCISCO 

The study of the union of normal fascia with muscle has been the 
subject of a number of investigations. Because of the close relation- 
ship of this problem to the' one to be presented it seems advisable to 
review some of these papers briefly. 

In a report based on experimental and clinical observations, Seelig 
and Chouke ^ stated that muscle would not unite with fascia. They 
performed a series of experiments on animals, in which they redupli- 
cated the fascia lata to simulate Poupart’s ligament, and sutured the 
edge of the turned flap to the underlying muscle. In every experiment 
they found that the fascia lata was separated from the muscle by loose 
areolar tissue and failed to unite firmly. Koontz " repeated the experi- 
ment of Seelig and Chouke, but removed the loose areolar tissue from 
the fascia lata ; he obtained firm union in every case. Pie claimed that 
the failure of the other investigators was due to the fact that they did 
not remove the fat. Seelig and Chouke^ each independently repeated 
their experiments, removing the adipose tissue, and again found that 
the fascia failed to unite. Rosenblatt and Cooksey,'* in a similar series 
of experiments, obtained union in every instance. liertzler “ thought 
that the discrepancies in the results of the various investigators was 
due to the fact that Seelig and Chouke tied their sutures loosely and 
thus did not produce the traumatic reaction that is fundamental in 
obtaining a firm union. The other investigators tied their sutures 
tightly, and so caused the fibrous stimulation that is necessary for union 
in the presence of fat. 

Submitted for publication, Jan. 27, 1931. 

From the Surgical Laboratory, Stanford Medical School. 

1. Seelig, M. G., and Chouke, K. S. : A Fundamental Factor in the Recur- 
rence of Inguinal Hernia, Arch. Surg. 7:553 (Nov.) 1923. 

2. Koontz, A. R. : Muscle and Fascia Suture with Relation to Hernia Repair, 
Surg. Gynec. & Obst. 42:222 (Feb.) 1926. 

3. Seelig, M. G., and Chouke, K. S. : Fundamental Principles Underlying 
the Operative Cure of Inguinal Hernia, J. A. M. A. 88:529 (Feb. 19) 1927. 

4. Rosenblatt, M. S., and Cooksey, W. B. : Muscle Fascia Suture in Hernia 
Ann. Surg. 86:71, 1927. 

5. Hertzler, A.: Healing of Muscle to Fibrous Tissue, J. A M A 88 •1098 
(April 2) 1927. 



572 


ARCHIVES OF SURGERY 


The preponderance of evidence from all of these studies favors 
the view that muscle will unite with fascia. 

The next problem to present itself was whether or not a transplant 
of free fascia would unite with muscle. Some surgeons, particularly 
Lange, have held that transplanted fascia would not unite firmly with 
muscle^ fibers. These assertions were made in spite of the fact that 
Payr, in 1913, had successfully used transplanted fascia lata for the 
union of the cut end of the trapezius muscle to the tendon of the long 
heads of the biceps. Gallie ® likewise used a transplant of free fascia 
interwoven into the trapezius muscle and then united it to the humerus 
to replace a paralyzed deltoid. Mayer’s ^ operation, based on a prin- 
ciple similar to that of Gallie, but with a somewhat different mechanical 
ai'rangement, also depends on the union oi transplanted iascia to muscle. 

In addition to the successful clinical results just reported, I per- 
formed a series of experiments ® in order to determine the details of 
the union of live fascia with muscle. As the results of these experi- 
ments are to be compared with those of the present investigations, a 
review of that paper will be helpful in formulating the conclusions of 
the two. 

The study consisted of six experiments performed on dogs in 
which a piece of fascia lata was removed from the outer side of the 
thigh and sutured to the cut end of one of the hamstring muscles 
with silk. As early as sixteen days after the operation, the transplanted 
fascia was found to be firmly united to the cut end of the muscle. The 
union became firmer with the lapse of time, and at eighty days the trans- 
planted fascia took on a tendinous structure. Microscopic examination 
showed that the endomysium and perimysium of the muscle played the 
major role in forming the union with the fascia. The muscle cells 
appeared to have taken an active part in the uniting process. The muscle 
cells became transformed into elements of fibrous tissue which inter- 
mingled with the transplanted fascia. There w’^as also evidence that 
the connective tissue fibers of transplanted fascia took an active part 

in the union. . 

These experimental observations and the clinical lesults estabisie 
the fact that live, transplanted fascia will unite with muscle. Lo exact 
experimental woi'k or clinical results have thus far been presente t 
show whether dead transplanted fascia will unite with muscle. s 


6. Gallie, W. E., and Le Mesurier, A. B.: The Use of Living Sutures m 

Operative Surgery, Canad. M. A. J. 11:504, 1921. _ Alirluc- 

7. Mayer, L. : Transplantation of the Trapezius for Paralysis o 

tors of the Arm, J. Bone & Joint Surg. 9:412 (July) 1927 C^lifornia 

8. Haas, S. L.: Free Fascial Grafts; Their Union with Muscle, Cahfor 

& West. Med. 32:387 (June) 1930. 
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is an inert tissue, as claimed by Nageotte," one would infer that dead 
tissue could be utilized just as successfully as live tissue for pin poses 
of transplantation. On the other hand, if the cellulai elements of 
transplanted live fascia play an active part in the union, and there is 
evidence that they do, it may be advantageous to utilize live tissue 
instead of preserved fascia. Furthermore, the chemical fixation of the 
tissue may hinder the union. 

Koontz used preserved fascia for suture material in the repair 
of hernia. Although his experiments are not exactly comparable to 
the union of muscle and preserved fascia, they are of sufficient interest 
to warrant reporting at this time. He found that if fascia that had 
been preserved in alcohol, was transplanted into a defect in living fascia, 
it intermingled so closely with the live tissue that it was almost impos- 
sible to distinguish the dead from the living part. Heterografts were 
just as successful as homografts. Following the method of Gallie and 
Le Mesurier, Koontz then successfully utilized sutures of preserved 
fascia lata from the ox to unite the tissues in hernia in man. Rosen- 
blatt and Meyers performed a series of experiments in which they 
sutured the edge of the rectus muscle to Poupart’s ligament with pre- 
served ox fascia and tendon sutures. In studying the completely healed 
line of surture, they found that the preserved fascia sutures were smaller 
than they had been when they were inserted, and that there was some 
evidence of foreign body reaction. Koontz and Nageotte did not 
report the presence of foreign body giant cells or evidence of absorp- 
tion in their experiments. 

The direct union of a preserved piece of fascia with muscle pre- 
sents a more complicated problem than the utilization of fascia for 
suture material. In the following set of experiments the problem is 
directly attacked and it is hoped that some light may be thrown on this 
interesting subject. 

REPORT OF EXPERIMENTS 

Seven experiments were performed on dogs under general ether anesthesia. 
The fascia lata was obtained prior to the operation and preserved in alcohol. At 
the time of the operation it was washed in sterile water. It was thought that the 
staining of the tissue with methylene blue (methylthionine chloride, U. S. P.) or 
gentian violet would tend to differentiate it on gross examination, but the stain 
disappeared by the time the animal was killed. In all of the experiments an inci- 
sion was made on the inner posterior side of the hind leg, one of the hamstring 
museles being exposed. A piece of tendon and muscle was removed and a seg- 

9. Nageotte, J., and Sencert, L., quoted by Koontz, A. R. ; Ann. Surg 83; 
523, 1926. 

10. Koontz, A. R. -. Experimental Results in the Use of Dead Fascia Grafts 
for Hernia Repair, Ann. Surg. 83:523, 1926. 

H. Rosenblatt, M. S., and Meyers, M. : Muscle-Fascia Suture with Preserved 
Fascia and Tendon, Surg. Gynec. & Obst. 47:836, 1928. 
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ment of preserved fascia sutured into the defect. At the end of the period of 
observation the animals were killed by an anesthetic, and the specimen was 
removed and studied grossly and microscopically. 

Experiment 1 (dog DT3).— An incision was made on the inner side of the 
left leg just above the knee joint, exposing the semimembranosus muscle. A sec- 
tion of the muscle, including a part of the tendon, was removed and a piece of 
the preserved fascia lata was sutured into the gap with silk sutures. The wound 
was closed in layers, and the animal allowed its freedom. 

When the dog was killed at the end of twenty-two days, the transplanted 
fascia was found to have firmly united to both the muscle and the tendon (fig. 1). 
The fascia was a mottled yellowish white, differing from the uniform grayish 
white of the live, transplanted fascia. 



Fig. 1 (experiment 1). — Gross appearance of the union of dead fascia with 
muscle. The smaller photograph is a longitudinal section through the fixed speci- 
men. It shows the close intermingling of the muscle and the fascia. 



Fig. 2 (experiment 2). — Gross appearance of the union of dead fascia with 
muscle. 


Microscopic examination showed that there was a close interrningling o ^ 
and fascia at the site of union. The endolysium (fascia uniting the m 
muscle cells) and the perimysium (fascia uniting the bundle of muse e ce s 
were the most active elements in the uniting process. At the end o t le 
cells there were clumps of nuclei which were not giant cells but ^^miscle 

to be formed by an active proliferation of endomysium and n^ ei o le 
cells. Some of the nuclei were undergoing indirect division.^ Je ^ i 
muscle cells were breaking down and appeared to be engaging m le 
union. One could not distinguish between the dead, preserve ^ alcohol, 

tissue. It is to be remembered that the preserved tissue had een x 
and that which had not been replaced by ingrowing tissue la , oui 
tion, retained the property of taking the usual stains. 
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Experiment 2 (Dog DT3).— The semimembranosus muscle was exposed on 
the right side and a piece excised from the muscle at its transition into the ten- 
dinous portion. A segment of preserved fascia was sutured into the gap. ^ 

Gross examination after thirty-eight days showed that the preserved fascia that 
had been stained in gentian violet before its implantation was completely decolor- 
ized (fig. 2). The union vas firm, but the healing was not so uniform as when 
a live piece of fascia was utilized. Microscopic examination revealed a gradual 
transition from the muscle to the transplant of preserved fascia. The elements 






Fig. 3 (experiment 2). — Photomicrograph showing the breaking down of the 
muscle cells. The fibrillae of these cells take on a wavy, fibrous, tissue-hke struc- 
ture and invade the transplanted preserved fascia. 


of muscle were undergoing fragmentation. The fibrillae of the muscle cells had 
taken on a wavy structure (fig. 3) and gradually merged into the fibrous tissue 
structure of the transplanted fascia, no line of demarcation being made out. The 
transplanted fascia was more cellular than normal, which must have been due to 
additional, new elements of invading tissue from the muscle. 

Experiment 3 (Dog DT3).— The semimembranosus muscle on the left was 
exposed, and a segment of muscle and tendon removed at the junction of the 
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muscle. The transplanted fascia and surrounding tissues appeared edematous. 
Microscopic examination showed a definite union between the muscle and fascia. 
The endomysium and perimysium were invading the transplanted fascia. The 
muscle cells themselves appeared to be taking part in the union. 

Experiment 5 (Dog DTI).— The semimembranosus muscle was exposed on 
the left side b}^ an incision on the inner side of the leg above the knee joint. .A 
section of muscle and tendon was excised where the muscle passed into the tendon. 
Into this gap a piece of preserved fascia lata was sutured so that the fascia 
extended around the cut end of the muscle. 

After forty-three days, examination of the gross specimen showed that there 
was firm union between the muscle and the transplanted fascia. The fascia itself 
was firm and had taken on a tendinous structure. The union between fascia and 
tendon was also firm. Microscopic examination under low power magnification 
showed the junction of the muscle with the fascia. There was a lighter staining 
fibrous tissue near the muscle that merged into a darker, red-staining tissue. The 
lighter tissue probably represented the new fibrous tisssue that formed the union 
of the two, while the darker staining tissue represented the dead (fixed) fascia 
that had not been changed. Under higher magnification, a proliferation of fibrous 
tissue from the muscle side could be seen. Undoubtedly, the greater part of this 
proliferation was from the perimysium and endom 3 'sium. A close study of the 
muscle cells showed what appeared to be a breaking up of the fibrillae and their 
change into fibrous tissue-like elements. In places there was a proliferation of 
the nuclei about the ends of the muscle, forming budlike masses. Thus it appears 
that union takes place through a proliferation of the perimysium and endomysium 
and to a lesser degree through the breaking down of muscle cells. That there 
may be an ingrowth of fibrous tissue from the outside cannot be ruled out, but 
one gets the impression from the general longitudinal architecture and lack of 
invading tissue that the elements of muscle alone are concerned in the union. 

Experiment 6 (Dog DTI). — Through an incision on the inner side of the 
right leg just above the knee joint, the semimembranosus muscle was exposed, 
and a segment of muscle and tendon was removed at their junction. A piece of 
preserved fascia lata was inserted into the gap and held with interrupted silk 
sutures. 

The dog was killed after sixtj'-three days, and examination of a gross specimen 
showed that the transplanted fascia was firmly united to the muscle. The whole 
transplant was gelatinous and edematous, and lacked the firm consistency found 
when live transplanted fascia was utilized. ^Microscopic examination showed a 
direct union of the muscle with the fascia. The cellular response did not appear 
to be as active as in the earlier stages. This may have been due to the fact that 
there was less demand in this particular case because of the close approximation 
of the two. The fibrillae of the muscle cells appeared to be breaking down, and 
there was an increase in the number of nuclei at their ends. Both the sarcolemma 
and the endomysium showed evidence of cellular activity. 

Experiment 7 (Dog DT4). — An incision was made on the inner posterior side 
of the right knee joint, one of the hamstring muscles being exposed. A section 
of muscle was removed and a piece of preserved fascia lata sutured into the gap 
with interrupted silk sutures. 

The animal was killed after sixty-three days, and examination of the gross 
specimen showed that the preserved fascia had united firmly to the muscle. In 
this experiment, the fascia had been placed in a gap in the muscle, the distal por- 
tion of which had degenerated and was replaced by fibrous tissue, lilicroscopic 
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^amination showed that the muscle and preserved fascia were closely united 
The endomysium and the perimysium supplied the greater part of the connective 
tissue to the union. The muscle cells appeared to be transforming info elements 
of fibrous tissue and sharing in the union. 


SUMMARY 

In all of the seven experiments, the transplanted, preserved fascia 
united firmly with the muscle. At the end of twenty-two days, which 
was the earliest observation, union was almost secure. With the 
elapse of further time the union was more complete. The transformed 
tissue did not tend to take a firm, tendinous structure, but in general 
was somewhat gelatinous (edematous). Pathologic examination showed 



Fig. 5. — (A) Specimen showing the junction of normal muscle with tendon. 
(B) Section through the union of transplanted fascia with muscle. (C) Section 
through transplanted, preserved fascia with muscle. 


a close intermingling of the muscle and the transplanted fascia. The 
endomysium and the perimysium played the major role in the union. 
The muscle cells showed definite evidence of proliferation and of having 
aided in the uniting process. There was no evidence of foreign body 
reaction or absorption, and the collection of nuclei in groups tv as 
interpreted as proliferating cells. 

Comparison of Live and Preserved Fascia. The union of the pre 
served fascia lata with the muscle apparently took place as rapi } 
that with live fascia. The preserved fascia lata looked more edematotis 
and appeared to be less compatible to the surrounding tissues (fig- L 
The live fascia was more tendinous and retained more o its e a 
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On microscopic examination, there was no apparent difterence between 
the union of dead fascia with muscle and that of live fascia (fig. 6). 
The same elements took’ part in the union, the greater amount coming 
from the endom3'sium and the perim}^sium, and there u’as the same 
evidence that the muscle cells shared in the process. Although grossly 
there was some sign of foreign body reaction when dead fascia was 
employed, no foreign giant bod)' cells or evidence of absorption were 



Fig. 6. — Photomicrograph of the junction of muscle with live, transplanted 
fascia. Notice the similar histologic picture to that found in the union of trans- 
planted, preserved fascia with muscle in figure 4. 


found in the dead fascia. One could not say whether the dead fascia 
survived permanently or was replaced by ingrowing tissue from the 
muscle, or that both shared in the process. 

CONCLUSION 

Dead, preserved fascia lata united with muscle just as rapidly and 
as firmly as did live fascia lata. The union of both dead and live 



580 


ARCHIVES OF SURGERY 


fascia depended mainly on the ingrowth of the endoinysium and peri- 
mysium. The muscle cells themselves appeared to be transformed into 
elements of fibrous tissue and to aid in the uniting process. There was 
some evidence that the preserved fascia lost some of its elasticity and 
stirred up more reaction in the surrounding tissue than did live fascia. 
Dead, preserved fascia may be used clinically for union with a muscle, 
but it seems advisable to utilize the live fascia if possible, because the 
latter appears to be transformed into tendinous tissue more readily. 



SKELETAL METASTASES ARISING FROM CARCINOjMA 
AND FROM SARCOMA * 

MURRAY M. COPELAND, ]\I.D. 

NEW YORK 

Advances in the diagnosis and treatment of a disease entity are 
dependent on a knowledge of all the available data both from a clinical 
and from a pathologic point of view and from the results obtained by 
the various modes of therapy. 

In the following study, an attempt will be made to correlate the 
various clinical features with the pathologic process involved, and to 
throw some light on the rather obscure results that have hitherto 
obtained in the treatment for metastases of the bone. 

For purposes of analysis, it has been found convenient to group the 
334 cases of bony metastases according to the primary tumor from 
which the dissemination occurred, thus emphasizing the entire clinical 
picture of each type of secondary neoplastic deposit, and, so far as possi- 
ble, to determine accurately the process of histogenesis and the varia- 
tions in response to treatment. 

C.\RCINOMA OF THE BREAST 

Carcinoma of the breast constitutes one of the most frequent primary 
tumors metastasizing to bone.’- A survey of 1,914 cases of mammary 
carcinoma in the Surgical Pathological Laboratory of the Johns Hop- 
kins Hospital revealed 903 deaths, 757 of which were caused b}’’ dis- 
semination of cancer and 146 from causes other than malignant disease. 
In 89 (11.8 per cent) cases in which death was due to cancer, lesions of 
the bone were found prior to death. In addition to these fatal cases, 
12 other patients, not yet reported dead, have developed metastatic 

* Submitted for publication, Sept. 29, 1930. 

* Illustrations by Herman Scbapiro. 

*From the Department of Surgery and the Surgical Pathological Laboratory 
of the Johns Hopkins Hospital and University. 

1. Joll, C. A.-. Metastatic Tumors of Bone, Brit. J. Surg. 11:38, 1923-1924. 
Moore, A. B. : A Roentgenological Study of Metastatic Malignancy of the Bones, 
Am. J. Roentgenol. 6:589 (Dec.) 1919. Garnett, J. B., and Howell, J. C.: Bone 
Metastases in Cancer of the Breast, Ann. Surg, 91:811 (June) 1930. Handley, 
W. S. : Cancer of the Breast and Its Operative Treatment, London, John Alurray, 
1906, pp. 1-176. Kaufmann, E. : Sekundare Geschwiilste der Knochen, Spezielle 
pathologische Anatomic 1:954, 1922, Gross, S. "W.: Skeletal Metastases in 
Carcinoma of the Breast, Am. J. M. Sc. 95:219, 1888. Ginsburg, S.: Pain in 
Cancer of the Breast: Its Clinical Significance with Special Reference to Bone 
Metastases, ibid. 171:520, 1926. 
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carcinoma of the bone, making a total incidence of 100 cases (table 1), 
or 5.2 per cent of all carcinomas of the breast in this study. Many of 
the patients living to date have not reached the five year period, and 
only the future can predict their clinical course. 

Metastatic cancer from the breast in bone is a disease occurring in 
middle or late life. The majority of the lesions occur between the ages 
of 35 and 55, the extremes in age being 21 and 73 (fig. 1). 

The bones most frequently involved are those of the spine, pelvis, 
femur, skull, ribs and humerus in the order given (table 2, fig. 2). 

Table 2. Invoh>e‘me7it of Bone m One Hundred Cases of Metastatic Carcinoma 

of the Breast 


Bone Involved 

Spine 

Cervical 

Number of 
Cases 

Number of 
Times 

Bight 

Left 

Undeter- 

mined 

3 

2 



1 

Thoracic 

13 

23 



2 

Lumbar 

14 

17 



2 

Femur 

Upper third 

16 

20 

7 

8 

5 

Lower third 

4 

4 

2 


2 

Head 

2 

3 

1 

1 

i 

Pelvis 

Ilium 

15 

19 

s 

S 

3 

Ischium 

5 

7 

3 

3 

1 

Sacrum 

3 

3 

1 


2 

Saoro-iliac joint 

. 3 

3 

2 

i 

.. 

Acetabulum 

2 

3 

1 

2 


Pubes 

1 

2 

1 

1 


Skull (frontal, parietal, temporal) 

13 

15 


.• 

10 

Bibs 

13 

10 

4 

2 

7 

Humerus 

Upper third 

2 

2 

1 

1 


Head 

<> 

3 

2 

1 


Junction of middle and lower third.. 

1 

1 

1 



Junction of middle and upper third.. 

1 

1 


i 


Sternum 

i 

4 


•• 


Entire skeleton 

3 

Multiple 




Clavicle 

3 

4 

2 

2 


Scapula 

3 

4 

2 

0 


Tibia (upper third) 

1 

1 




Badius (lower third) 

1 

1 





While metastases were rarely found in the bones of the forearm 
and the lower part of the leg," two such incidences are noted . one in 
the upper end of the tibia and the other in the lower end of the radius. 

Prior to 1910, accurate information concerning the location of metas- 
tases was gained by necropsy and physical examination. In genera , 
these statistics afforded only a trustworthy evidence in bones that were 
the common site of pathologic fracture, or that were easily accessi e a 
the postmortem table. With the advent of the x-ra}S, roent^jeno^rt 


2. Osier, W. : Medical Aspects of Carcinoma of the Breast Bnt. - 1. P • - 
1906. Neal, M. P., and Robnett, D. A.: Generalized Ossrous i^fetastases 
dary to Atrophic Scirrhous Carcinoma of Left Breast, Arch. Surg. • - 
1927. Carnett and Howell (footnote 1, third reference). Handle} ( 
fourth reference). 




Fig. 1. — Age incidence of metastatic carcinoma and metastatic sarcoma in 
339 cases with secondar}' involvement of the bone. 



in/t?i 1 of carcinoma and sarcoma with metastases to bone accord- 

fh'" h location. The solid black areas indicate the most frequent sites • 
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of the entire skeleton have permitted greater accuracy and have facili- 
tated the study of the incidence of bony metastases in various parts of 
the skeleton. However, many bones, such as the sternum and ribs, can 
be^ demonstrated microscopically to be invaded by tumor, although the 
evidence may not appear in the roentgenograms. A comparison of 
statistics deduced by the older methods of examinations and those of 
more recent studies which are made up largely of roentgenologic exam- 
inations shows the greater value of the combined methods (table 3). 

Symptoms. Clinicalty, pain of a severe rheumatic character is an 
important feature. When these metastatic foci localize about the spine, 

Table 3. — Incidence of Bony Metastases 


loo Oases* 73 Cascst 



/ — — — 

Ko. of 

\ 

Percentage 

Xo. of 

Percentage 


Cases 

of Total 

Cases 

of Totol 

Spine 

30 

30 

12 

3.6 

Pelvis 

29 

29 

0 

0.0 

Pemur 

22 

22 

14 

4.2 

Ribs 

13 

13 

28 

8.0 

Cranial bones 

13 

13 

9 

2.7 

Humerus 

6 

6 

0 

2.7 

Sternum 

4 

4 

30 

9.0 

Clavicle 

3 

3 

5 

1.5 

Scapula 

S 

3 

1 

OtU 

Radius 

1 

1 

0 

0.0 

Tibia 

1 

1 

1 

0.3 

Ulna 

0 

0 

0 

0.0 

Pibula 


0 

0 

0.0 

Patella 

0 

0 

1 

0.3 

Bones of hand 

0 

0 

1 

0.3 

Bones of foot 

0 

0 

0 

0.0 


* From the Surgical Pathological Laboratory, 1930. 

t Prom Sampson Handley: Cancer of the Breast and Its Operative Treatment, 190(!. 


girdle pains and neurologic manifestations, such as extramammary pain,^ 
abdominal pain and pain in the sciatic nerve, numbness of the legs or 
arms, spastic paralysis or weakness of the various extremities are pres- 
ent. Loss of vesical control and weakness of the rectal sphincteis are 
not infrequent signs. Often there are pains about the head associated 
with involvement of the skull, and two cases showed ocular changes, one 
unilateral exophthalmos and the other bilateral choking of the disks. 
Metastatic deposits in the extremities themselves often give seieie, 
boring pains — stiffness of adjacent joints and swelling of the affecte 
limb. 

In the beginning, pain may be so mild and transient that it attracts 
little notice, and only after more ominous symptoms appear is me ica 


3. Ginsburg (footnote 1, seventh reference). 
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aid sought. The patient may be seized at the onset with excruciating 
pains requiring large doses of morphine, and occasionally pain piecedes 
roentgenologic evidence of bony metastases from three to eighteen 
months.® 

Pathologic fracture occurred in fifteen instances (15 per cent). 
Thirteen were in the femur, one in the ilium, and another case revealed 
multiple fractures of the ribs. As was pointed out in a previous com- 
munication,* among the malignant tumors of bone the greater number 
of pathologic fractures (62 per cent) were found in association with 
multiple myeloma, while other types of neoplastic lesions in bone simi- 
larly affected by fracture are, in the order of their frequency: cyst of 
the bone, 45 per cent ; giant cell tumor, 14 per cent ; osteogenic sarcoma, 
8 per cent; and Ewing’s sarcoma,® 5 per cent. 

Patients show great variability in their constitutional response to 
invasion by the tumor. In some cases a rapid progress of the disease 
is noted with little or no attempt on the part of the body to react; while 
in others, with the assistance of various therapeutic aids, improvement 
occurs, and the patients are able to live useful lives for some time. 

The blood picture is normal in most cases of early bony metastases ; 
the majority of them eventually show a secondary type of anemia with 
its complications as the disease progresses. The leukocyte count is 
practically normal, save for a slight eosinophilia in a few instances — • 
from two to four eosinophils per hundred cells. In the literature “ an 
occasional case with bony metastases is reported, showing a pseudo- 
pernicious type of anemia with a color index over 1, a slight leukocyto- 
sis, nucleated red blood cells, myelocytes and myeloblasts. The ordinary 
anemia of cancer, according to Piney,'^ is not dependent on the presence 
of carcinomatous deposits in the marrow but on intrinsic changes in this 
tissue. Blood changes simulating those in pseudopernicious anemia 
have always been found in cases in which metastasis has been present 
for a sufficient time to permit hyperplasia of the marrow. Chemical 
examination shows that the blood is normal in most patients. An occa- 
sional trace of albumin is found in the urine, and in three cases Bence- 
Jones bodies were isolated. 

4. Geschickter, C. F., and Copeland, M. IM. ; Multiple Myeloma, Arch. Surg. 
16:818 (April) 1928. 

5. Copeland, M. M., and Geschickter, C. F. : Ewing’s Sarcoma, Arch. Sur<^ 
20:258 (Feb.) 1930 . 

6. Epstein, J. : Blutbefunde bei metastatischer Carcinose des Knoclicnmarks, 
Ztschr. f. klin. Med. 30:121, 1896. Houston, T.: The Conditions that Simulate 
Pernicious Anemia, Brit. M. J. 2:1257, 1903. 

7. Piney, A.: Carcinoma of the Bone Marrow, Brit. J. Surg. 10:235, 1922- 
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The terminal phases of the disease reveal a progressive emaciation, 
often with much pain, and when the lungs are involved (nineteen cases), 
respiratory embarrassment with spitting of blood and paroxysms of 
coughing supervenes. 

Internal metastases usually present themselves later than the secon- 
dary deposits to bone. 

Roentgen Suidies.-— As depicted by the roentgenogram, lesions of 
metastatic carcinoma of the breast which have localized in the bone are 
most often multiple, presenting themselves as a single focus in only one 
fourth of the cases. The majority of these solitary metastases are in 



Fig. 3 (path. no. 23091). — Roentgenogram of the upper third of a femur shov- 
ing involvement of the greater trochanter and neck, one of the most frequent sites 
of metastases in this bone from carcinoma of the breast. 


the vertebrae or femur, but it is very probable that if such cases uere 
followed to their termination, lesions in other bones would appear. 

Two types of metastatic lesions are noted in the x-ray 
more common one is an osteolytic or bone-destructive lesion, v it 
other is a sclerosing or bone-forming process,® the latter occurring, 
outspoken fashion only twice in this series of cases, although it is 
uncommon in bony metastases from carcinoma of the prostate. 


8. Plank, T. H.: 
1923. Ginsburg, S.: 
Surg. 11:219 (Aug.) 


An Unusually Interesting Case, J. 
n Unusual Case of Osteoplastic Skeletal Jfcfastas , 
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When a long bone such as the femui* is involved, the portion affected 
is usually the proximal end. In the femur, the metastases occur 
most frequently about the greater trochanter and surgical neck (fig. 3), 
producing destruction of the bone with little evidence of repair. There 
is practically no periosteal reaction, the lesion appearing initially as a 
medullary involvement with subsequent destruction of the cortex from 
within. It is interesting to note that often the focus of tumor in the 
femur is well above the average entrance of the nutrient artery,® a fact 
cited by Handley^® in favor of lymphatic permeation as a mode of 
metastases. This will be discussed subsequently. 





Fig. 4 (path. no. 31650). — Involvement of the greater trochanter, neck and 
upper shaft of a femur showing increased density of the bone within the areas of 
destruction. 

Sometimes mottling due to increased density of the bone occurs 
within the area of destruction (figs. 4 and 5), and a thickening of the 
cortex appears above or below the site of metastasis. This increase in 
density is found microscopically to be an attempt at repair of the bone 
or fibro-ostosis.^^ This reaction is often marked after roentgen therapy 
over the affected bone. 


9. Sobotta, J , and McMurrich, J. P. : Atlas of Human Anatomy, New York 
G. E. Stechert & Company, 1927, vol. 1, pp. 1-98. 

10 Handley (footnote 1, fourth reference). 

11. Geschickter, C. F., and Copeland, M. M., with Foreword by Bloodgood 
J. C. : Osteitis Fibrosa and Giant Cell Tumor, Arch. Surg. 19:169 (Aug.) 1929 
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Bloodgood has pointed out that evidence of such formation of new 
bone may be used as a point in differential diagnosis in multiple tumors 
of the bone. When this formation occurs as mottling within an area 
of destruction in the bone, it favors the presence of a metastatic process 
as opposed to the more definitely punched-out areas of destruction seen 
in such lesions as multiple myeloma. 

When the pelvis is implicated, the heads of the femurs ma}' be 
involved, due to an extension of tumor from the pelvis along the liga- 
mentum teres (fig. 6). The significance of such an associated involve- 
ment will be pointed out later in a discussion of the modes of metastases. 



Fig. 5 (path. no. 35420). — Mammary carcinoma involving the greater trochanter 
and upper shaft of a femur with thickening of the cortex below the lesion and 
evidence of the formation of new bone Avithin the area of destruction. 


The entire femur may be im'oh'ed with the riddling of the other 
bones, or rarely isolated deposits of tumor may appear in the loner 
third (fig. 7). The humerus, though less frequently affected, shows the 
same type of destruction either in the head, in the region of the nutrient 
artery which is located medially and opposite the attachment o 
deltoid muscle, or in the bone, AA'hich may be diffuse!} imohed. 


12. Bloodgood, J. C; Bone Tumors, Benign and Malignant: ^ 
mary of the Salient Features Based Upon the Study of Some Three u 
Seventy Cases, Am. J. Surg. 34:229 (Sept.) 1920. 




Fig. 6 (path. no. 40002). — Roentgenogram of the pelvis and upper third of a 
femur showing the associated involvement of pelvis and femur which is due to an 
extension of the tumor from the pelvis along the ligamentum teres. 



Fig. 7 (path. no. 31688).-- Roentgenogram of the lower third of a femur 
showing involvement of the inner aspect of the lower shaft. 
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Recently, Carnett and HowelP^ have shown that the humerus 
together with the shoulder girdle is affected more frequently than has 
been found in the present series. But among the cases studied by these 
authors, radical operation for the complete removal of the breast was 
rare, whereas in the series of cases from this laboratory, 75 per cent 
wei-e subjected to the radical operation from four to eighteen months 
before metastases appeared. In the cases that received radical operation, 
the greater part of the lymphatic drainage adjacent to the seat of the 
primary tumor was interrupted, and the likelihood of a regional spread 
of the disease was greatly reduced. 

The pelvis, vertebrae, skull, ribs, scapula, clavicle and sternum, which 
represent the other bones usually affected, showed the same typical medul- 
lary destruction with punched-out areas not unlike those seen in multiple 
myeloma (figs. 8 and 9). The tendency of these areas to become con- 
fluent and to be fringed by bone of increased density is frequent when 
the involvement of the skeleton is diffuse. In such cases the 
lack of distortion or bending of the bones, despite the degree of patho- 
logic change, is outstanding. Failure for such distortion to take place 
is due partially to the advanced stage of the disease which confines the 
patient to bed, and to the fact that roentgen therapy is so frequently 
resorted to ; also, the age of the patient is responsible for a degree 
of brittleness of the bones which makes fracture rather than bend- 
ing the rule. In one case, the lower end of the radius showed a 
punched-out area in its lower portion near the region of the epiphyseal 
line and on the medial side of the bone. Above it, a slight irregular 
mottling is noted in the cortical and medullary area (fig. 10). 

Solitary areas of metastatic carcinoma may be simulated by a latent 
cyst of the bone (fig. 11), a solitary focus of multiple myeloma (fig. 12) 
or by the osteolytic form of osteogenic sarcoma (fig. 13). The latent 
cyst of the bone is to be distinguished from metastatic carcinoma by the 
distinct signs of ossification present in the bone shell, and the thickness 
and competent defensive reaction visible in the areas surrounding the 
walled-off cavity. The latent cyst of the bone is nearly always without 
symptoms clinically, whereas pain and dysfunction of the part occur as 
a rule with the metastatic lesion. 

In the roentgenogram it may be practically impossible to distint,uis ^ 
betw'een multiple myeloma and diffuse metastatic caicinoina. ^ * 

be central destructive lesions of the bone which graduall} ero e 
cortex from wdthin outward. Bence-Jones bodies in the urine 
of multiple myeloma, 65 per cent, however, occur more frequen , 
in cases with metastatic carcinoma from the breast, 4 per cen . 


13. Carnett and Howell (footnote 1, third reference). 




Fig. S (path. no. 37870). — Roentgenogram of the upper third of a humerus with 
the other bones of the shoulder girdle and ribs, showing punched-out areas not 
unlike multiple myeloma. 



Fig. 9 (path. no. 37870). — Skull showing metastases from carcinoma of the 
breast simulating multiple myeloma. 
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Fig. 12 (path, no. 42108) — A solitary focus of multiple myeloma which may 
be confused with metastatic carcinoma when it is situated in a bone as a single 
lesion 



Pig. 13 (path. no. 37614). — Roentgenogram of a femur showing the osteolytic 
form of osteogenic sarcoma, not infrequently confused with the roentgenographic 
picture of metastatic carcinoma. 



Fig. 14 (path. no. 37870).— A longitudinal section of a humerus showing 
involvement by metastatic mammary carcinoma A cyst may be seen in the upper 
shaft filled with dark, pigmented, jelly-hke material. 
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The osteolytic t3^pe of osteogenic sarcoma may produce an area of 
destruction of the bone similar to that in metastatic carcinoma. Such 
an area shows a greater inclination to be asymmetrically located in the 
bone and shows evidence of its more rapidly destructive character. 

PatJwlogic Changes . — Of the gross material at hand, the femur and 
the humerus offer the most valuable information in the interpretation 
of the roentgen observations, and in analyzing the modes of metastases. 

The humerus is involved principally in the medullary and cortical 
areas (fig. 14 ), the medullary cavity in the upper portion of one 



Fig. 16 (path. no. 40002). — Low power photomicrograph of an area in the 
region of the fovea capitis taken from the head of the femur depicted in figure 15. 
Note the infiltration of epithelial cells from above downward and the area of 
fibrous tissue reaction below the tumor invasion. The joint cartilage is intact 
on either side of the tendinous attachment. 

humerus being practically replaced by carcinomatous tissue, the tumor 
extending well up into the head with discrete tumor nodules appearing 
in the spongy bone just beneath the articular cartilage. Below the 
region of the greater tuberosity, the entire cortex is destroyed, while 
rather substantial bone is found in the region and just medialward to 
this point. In the upper shaft of the bone, a cystic area with a chocolate 
colored wall is seen, the result of the absorption of hemorrhage. 
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I'ig. 17 (path. no. 40002). — Photomicrograph showing nests of epithelial cells 
in a fibrous stroma with occasional small spicules of old bone undergoing destruc- 
tion by direct attack of the tumor cells. 

spong)’- bone, further down in the shaft, the medullar}' cavity was found 
to be filled with tumor tissue, the vertebrae in this case showing focal 
deposits in the peripheral portion of the bone. 
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The femur most often showed metastases in the head and in the 
region of the great tuberosity with extension down into the shaft. In 
one case, a pathologic fracture had occurred just beneath the minor 
trochanter, at which point a cellular area of tumor deposit existed. In 
the region of the fovea capitis, another cellular deposit was found (fig. 
16) extending along beneath the articular cartilage down to the greater 
trochanter, the distance of which had been much shortened due to 
the telescoping of the head on the neck. Other femurs showed less 
extensive deposits in these same areas. The microscopic examination 
of sections taken from various points in these bones revealed destruc- 
tion of the spongy and cortical bone by direct contact of the tumor 
cells with the bone and to a lesser extent by the activity of the osteo- 
clasts destroying spicules of dead bone. Regardless of how the tumor 
cells reach the skeletal system, the progress in the bone seems to be 
via the medullary cavity and the haversian canals, beginning in those 
areas in which red marrow is present. 

Sections taken from the head of the femur illustrated in figure 15 
show large nests of epithelial cells in a fibrous stroma with occasional 
small spicules of old bone undergoing destruction by direct attack of 
the tumor cells (figs. 16 and 17). 

Abundant evidence is found microscopically in favor of a natural 
tendency of bone to react by direct transition of fibroblasts to osteo- 
blasts to osteoid tissue in an effort to protect itself from further invasion 
and to rebuild that part already destroyed (fig. 18). Areas of fibro- 
ostosis (a reaction to the invasion of cancer) are seen, with strands of 
fibrous tissue being transformed into osteoblasts and osteoid tissue, bor- 
dering on small nests of epithelial cells distributed throughout this reac- 
tive process. In cases in which roentgen therapy has been given with 
beneficial results, microscopic analysis of the affected bone reveals a 
marked increase in the fibrous tissue reaction and a transformation of 
this tissue into the osteoid type of bone. Cancer cells can be seen 
crowded between the fibrous strands (fig. 19). 

Trcaiment . — A survey of the treatment received by patients with pri- 
mai’v carcinoma of the breast and a study of the rate of dissemination 
of the cancer expressed in the interval of time between the first appear- 
ance of the tumor and metastases and also between the primary operation 
and the subsequent metastases throw some light on the results that can 
be obtained by resection alone or by resection and radiation or by radia- 
tion alone of the affected bones. 

For purposes of analysis, the patients have been divided into the 
following groups: (1) those* who first had a radical amputation of the 
breast: (2) those who had only simple amputation of the breast or local 
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excision; (3) those on whom no operation was performed and who 
only received various forms of palliative treatment. 

In group 1 there are sevent 3 '-four patients with radical amputation 
of the breast, showing subsequent metastases to bone. The average 












Fig. 19 (path. no. 34100). — Photomicrograph showing the effect of roentgen 
tlierapy on tlie structure of the bone invaded by tumor. Note the healing bone 
reaction (fibro-ostosis) . Cancer cells can be seen crowded between tlie fibrous 
strands. 
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interval between the appearance of the primary tumor and the first evi- 
dence of metastases to bone was thirty-two and one-half months. In a 
few exceptional cases not included in this average, lesions of the bone 
developed at intervals as late as from nine to twenty years. If these 
exceptional cases are omitted, the time between radical removal of the 
breast and metastases averages thirty months. The tumors in the 
patients in gioup 1 weie principally of the scirrhus t3^pe. Microscopic 
examination showed: scirrhus carcinoma, fifty-two cases; medullary 
carcinoma, four; comedocarcinoma, three; adenocarcinoma, three; 
and colloid carcinoma, one, with eleven unclassified. 

Group 2 is represented by eighteen cases with a simple amputation 
of the breast or local excision. The average interval between the appear- 
ance of the primary tumor and the first evidence of metastases nvas 
twenty-nine and one-tenth months, while that between the operation 
and osseous involvement was sixteen and seven-tenths months. On 
microscopic examination, the histology of the primary tumors in this 
group were : unclassified, seven ; scirrhus carcinoma, six ; adenocar- 
cinoma, three; colloid carcinoma, one, and fibrosarcoma, one. 

Group 3, or the inoperable group, contained eight cases. The inter- 
val between the appearance of the primary tumor and the metastases 
ranged between one and twenty-four months. 

The treatment as outlined here is based on the clinical experience 


of Drs. J. C. Bloodgood and Max Kahn. The roentgen treatment as 
given in this clinic consists of twelve thirty-minute exposures, using 200 
kilovolts and 5 milliamperes, filtered through a combined 0.75 millimeter 
copper and 1 mm. aluminum filter, a 25 cm. diaphragmatic opening and 
50 cm. focal distance. A total of ninety minutes is given over each area 


at periods of thirty minutes on consecutive days, each affected lesion 
being treated through four portals of entry. If further treatment is 
indicated, the foregoing procedure is repeated after a free interval of 
three months or more, depending on the condition of the patient. 

While some of the treatments were given at other clinics, m the 
majority of instances the treatment was the equivalent of that given 
here, making the type of treatment fairly uniform in the various cases. 

In group 1, those patients treated by radiation following the appear- 
ance of metastatic lesions of the bone had an average duration o i e 
of eighteen months, two patients having survived the metastases lor 
forty-eight and seventy-one months, respectively, while some ive 

long as from one to two years. Among those not irradiated, the un- 

tion of life after metastases averaged eleven and one-half montlis. 

In group 2, the average duration of life in persons with 
who received roentgen treatment was sixteen and one-ha m 
compared with twelve and eight-tenths for those who i 


irradiation. 
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In group 3, the patients who received radiation lived ten months, 
and those who did not receive radiation, seven and eight-tenths months. 

Statistics on the various tumors metastasizing to bone show that 
the duration of metastases is essentially the same as in the aforemen- 
tioned cases. 

Resection of the affected part apparently had no effect on the 
duration of life, but gave relief from excruciating pain which is expe- 
rienced in the diseased bone. 

A number of observers reported favorable results from roentgeno- 
therapy in metastatic carcinoma of the bone. Irradiation is effective 
both in relieving pain and in accelerating repair of the bone of the 
affected skeleton, apparently reducing the invasive powers, at least 
temporaril}’, of the deposits of the cancer. In this series of cases, many 
patients were relieved from pain for varying intervals of time, and in 
four cases marked formation of new bone was noted with relief from 
pain and increased usefulness of the affected bone. 

It would seem, therefore, that patients with carcinoma of the breast 
metastasizing to bone, when treated by roentgen therapy, ma)’’ 
expect relief from pain and often a few months of fairly comfortable 
living, thus making the procedure one of definite benefit. In refractory 
cases, resection of the affected portion of the bone, where feasible, may 
be indicated for the relief from pain. 

hyperkephrojMa 

The great majority of hypernephromas are primary in the substance 
of the kidney, although they may develop in other regions.^^ Grawitz, 
in 1879, was one of the first to describe such a tumor,^'’ and in 1898 
the term hypernephroma was applied to the neoplasm by Birch-Hirsch- 
feld.^‘ 

There is a feeling among pathologists that hypernephroma has a 
special predilection for the bones, but from an investigation of the 
literature it is difficult to form any definite idea as to the incidence of 
osseous involvement. 

14. Levin, I.; The Prognostic and Therapeutic Significance of Skeletal 
Metastasis in Cancer of the Breast, Ann. Surg. 65:326, 1917. Kell.v. H. A., and 
Fricke, R. E. : Problems in Treatment of Carcinoma of the Breast, Surg. Gynec. 
& Obst. 38:399, 1924. Ginsburg (footnote 1, seventh reference) . 

15. Gibson, A., and Bloodgood, J. C. : Jiletastatic Hypernephroma with 
Special Reference to Bone Metastases, Surg. Gynec. & Obst. 37:490, 1923. 

16. Grawitz, P. ; Ueber maligne Osteomyelitis und sarkomatose Erkrankiingen 
dcs Knochensystems als Befunde bei Fallen von pernicibser Anamie, Virchows 
.\rch. f. path. Anat. 76:353, 1879. 

17. Birch-Hirschfeld, F. V,; Sarkomatose Driisengeschwiilst der Xiere im 
Kindesalter, Beitr. z. path. Anat. u. z. allg. Path. 24:343, 1898. 



Table 4.— of Hypernephroma zvith Mctastascs to Bone 


PatlL 

No. 

Color 

Sex 

Age 

Primary 

Tumor 

Location of 
iletastases 

Pathologic 

Fracture 

Treatment of 
Metastascs 

Duration of 
9Iela''Iases 

■19373 


U 

40 

Hyperne- 

Right Gth rib 


X-rays 






phroma 




42908 

W 

ill 

55 

Hyperne- 

phroma 

Upper end of 
right humerus 

Humerus 

X-raj-s, resec- Living 22 ino. 
tion of upper 
end of humerus 

42704 

W 

jM 

20 

Hyperne- 

Left ilium 


X-rays, ex- 
ploration 

Living 3 mo. 





pliroma 



SS324 

W 

31 

o5 

Hj'perne- 

Bones of foot 


Excision of 
part of 
tumor 

Living 0 mo., 
1920 





phroma 



370SS 

W 

31 

02 

Hyperne- 

Upper third of 


X-rays, am- 
putation of 
right arm 

Living 7 mo. 

5 day.s, 1920 





phroma 

right humerus 


30524 

W 

JI 

GO 

Hyperne- 

phroma 

2d, 3d and 4th 
right ribs, 6th 
thoraeie and 

3d lumbar 
vertebrae 

2d, 3d and 
4th right 
ribs 

Supporting 
cast for back 

Lived 0 mo. 

35702 

W 

M 

82 

Hyperne- 

phroma 

Lower end of 
right femur 

Femur 


Lived 9 mo. 

35512 

W 

M 

4S 

Hyperne- 

Tarsal and 


Exploration, 
amputation 
of left foot 

Living G mo., 
1924 





phroma 

metatarsal 
bones of 
left foot 


35410 

W 

M 


Hyperne- 

Upper end of 
right femur 

Femur 







phroma 
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W 

M 

CO 

Hyperne- 

phroma 

Upper end ot 
right humerus 


Amputation 
of right arm 

Living 0 mo., 
1921 

32974 

■'v 

JI 


40 
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Gth right rib 

X-rays, 

biopsy 




318S7 


F 

52 
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phroma 

Upper end of 
left femur, 
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Femur 

Resection of 
head of femur 
bone graft 

Lived 10 mo. 

> 
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W 

M 


Hyperne- 
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4th lumbar 


X-rays, cry- 

Lived 5 mo, 


vertebra, right 
sacro-iliae joint, 
right ilium, 
skull, (parie- 
tal region) 


sipelas and 
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(Coley’s) 



w 

F 

09 
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• 
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Skull, right 
temporal bone, 
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bone 
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laved 34 mo. 

294S5 

c 
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o/ 



29401 

w 

F 

55 

Hyperne- 

phroma 

Midshaft of 
right humerus 

AH the lumbar 
verterbrae, all 
dorsal vertebrae 
2d cervical ver- 
tebra, 3d left rib 
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Amputation 
of fight arm 

Lived IS mo. 

29397 

w 

jM 

2S 
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Among the sixty-three persons affected by hypernephroma regis- 
tered in this laboratory, there are twenty-two instances (34.9 per cent) 
with metastases to bone (table 4). The age incidence ranges between 
21 and 81 ; the peak of incidence is about the sixth decade. The bones 
usually affected in the order of their frequency are: humerus, spine, 
femur, pelvis, ribs, bone of foot, skull and sternum (table 5). 

Symptoms . — ^The lesion of the bone may be the first indication of 
the presence of the tumor in the body, as illustrated by the following 
case report (fig. 20) ; 


Table 5. — Involvement of the Bone in Twcnfy-Tzvo Cases of 
Hypernephroma 


Bone Involved 

Xo. of 
Cases 

Xo. of 
Times 

Right 

Left 

Undeter- 
mined Side 

Humerus 

Location (?) 

o 

o 

. . 

2 

2 

Upper third 

4 

4 

5 

1 


.Shaft 

o 

3 

1 

1 

1 

Femur 

Upper third 

4 

4 

1 

2 

1 

Jliddlc third 

1 

1 

1 



Loirer third 

1 

1 

1 



Spine 

Location (?) 

1 

1 


, , 

1 

Cervical 

1 

1 




Thoracic 

o 

13 



1 

Lumbar 


7 

. . 


. . 

Ribs 


G 

2 

1 

2 

Pelvis 

Ilium 

0 

2 

1 

1 


Ischium 


1 


1 


Sacro-iliac joint 

1 

1 

3 



Bone of foot 

2 


, , 

1 


Skull 

o 

»> 

1 

1 

3 

Sternum 

1 

1 




Tibia 

1 

1 



1 


A white man, aged SS, eleven years previously while in France had an attack 
of arthritis in the right shoulder which lasted one month; in addition, the left 
knee, both ankle joints, the wrists and the right elbow joint were involved. Fol- 
lowing much needed dental work, the arthritic symptoms disappeared e.xcept 
during changes in the weather, when they continued to be present in the rio-bt 
shoulder. 

Twenty months before presenting himself for e.xamination, the patient began 
to have definite pain about the head of the right humerus, with slight limitation 
of motion in the right shoulder ten months later. 

A roentgenogram was made in March, 1929, which showed an area of destruc- 
tion of the upper shaft of the humerus just below the head, about the size of 
a silver dollar, mostly on the outer aspect of the humerus. In June, Julv and 
September. 1929, other roentgenograms were made showing the progressive nature 
of the destructive lesion. The first evidence of the pathologic fracture was noted 
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in the roentgenogram made in 1930 (fig. 20, C), associated with a fair-sized tumor 
of the soft part. Roentgen therapy had been administered in adequate doses on 
four occasions with some slight remission in the excruciating pain, but with no 
great relief. Considerable morphine was needed to allay the patient’s suffering. 
Other bones in the body were examined but no significant defects were made out 
nor were there symptoms suggestive of other lesions in the skeletal framework. 
Repeated examinations of the urine and of the blood revealed nothing abnormal 



Fig. 20 (path. no. 42906).—^, roentgenogram of the upper end of a 
showing marked destruction in the region of the surgical nec ^ an upP ‘ 
from metastatic hj^pernephroma. B, roentgenogram showing tie prog 
of the metastatic lesion in the head of a humerus taken tiree j.g 5 u]taiit 

C, the complete destruction in the region of the surgica nec ' an 
pathologic fracture. This roentgenogram was taken a ou 

lowing A. 
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In January, 1930, at a neighboring hospital, aspiration of the shoulder was 
done and onlv' hlood obtained. In May, 1930, Dr. Bloodgood resected the diseased 
head of the right Innncnis (fig. 21), which on microscopic cxammation (fig. 2^) 
proved to be the scat of a hypernephroma. Operative recovery was imcvcntful, 
and before leaving the hospital the patient had practically abandoned the use of 



Fig. 21 (path. no. 42906). — A gross specimen in longitudinal section showing 
metastatic tumor involvement from hypernephroma in the region of tho surgical 
neck of a humerus, extending into the epiphysis, with total destruction of the cortex 
but no involvement of the joint cartilage. Note the subperiosteal invasion. 


morphine, with complete relief from pain. Following the diagnosis of hyper- 
nephroma microscopically, a .special examination was made of the kidneys, but no 
evidence of any lesion could be made out. 

It has now been twenty-two months since the definite onset of symptoms, and 
the patient is doing very well. 




Fig. 22 (path. no. 42906). -Photomicrograph „|k .arc 

21 . showing the typical structure of " a no ciklcncc 

granular or foamy and the cytoplasm ,s reraarkabl; clear. 

of fibro-ostosis. 

As in metastases of the True 

patients with metastatic hypernep iroi c rheumatic cliaracter is a 

to the nature of metastatic neurologic niani- 

leading symptom, and with spmd e'ventually shoiys n 

festations may be present. The bloo 1 ,roni 

secondary anemia, and the patients decline m ^^e.. 
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progressively severe luiins in the vurious l)ones iillectecl. In tlnee c.iscs, 
the urine showed Benee-jones bodies. 

Roentgen Studies . — The lesions of the hone may appear in llie 
roentgenogram cither as single ffig. 20) or multiple lesions (fig. 2.3) 
located in one or more bones. In ihirleen cases (.39 per cent), the 



I’ig. 23 (patli. no. 29397). — MnUiple foci in tlic skeleton which may be seen in 
metastatic hypernephroma. A, roentgenogram of tlie upper end of a femur show- 
ing metastatic involvement with an associated lesion in tlie adjacent pelvis and a 
slight tendency toward the formation of new bone within the destroyed areas. B, 
tumor invasion of the upper shaft and head of a humerus. C, destruction of the 
lumbar-vertebrae with practically no tendency toward the formation of new bone 
within the destroyed areas. 
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secondary deposit of bone was found as a single focus; in the majoritv 
of cases it appeared in a long bone. ^ " 

It is noteworthy that many of these lesions are at the site of the 
nutrient vessels (fig. 24) as well as in the head of the humerus (li<.. 
20, A) and femur, together with an associated lesion of the pehls 
(fig. 23, A). There is no evidence in bony metastases from h3per- 
nephroma that any marked attempt at fibro-osteosis or formation 



Fig. 24 (path. no. 29461). — metastatic lesion depicted in the roentgenogram 
of a humerus at the site of the nutrient vessels showing marked destruction of the 
bone with expansion. 


of new bone takes place within the area of destruction. The lesion 
is a destructive one in the shaft or the head of the long bones, and in 
the bodies of the vertebrae, in the membranous bones of the skull an 
in the small bones of the feet. The earliest sign of imohement 
always a distinctly medullary defect which destroys the corte.v ro 
within, with little or no expansion. Although the growth readily cxtcn ^ 
into the soft parts, periosteal changes in the roentgenogram are 
exception. In many instances, the viscera have not been in^a ec. 
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is the impression in this labonitory that ^Yith small local gio\sths of 
the tumor in the kidney there is a greater tendency toward dissemination 
to the bone, whereas larger local proliferations of the tumor aie less 
likely to show skeletal involvement. 

The differential diagjiosis from the standpoint of roentgenology 
is similar to that of metastatic lesions of the bone in general, which 
have been detailed under carcinoma of the breast. In contrast to 
metastatic tumors from cancer of the breast, lesions of the hone in 
hypernephroma show a greater tendency to occur as a single focus and 
to be practically always osteolytic. 

The gross appearance of the tumor as seen in the bone is well 
exemplified in figure 21. The growth always has a characteristic 
brownish-yellow color, flecked with red. When seen in the head of 
a long bone, there is marked de.struction of the cortex with diflu.se 
involvement of the medullary cavity and the spongy bone of the 
epiphysis. The cartilage of the joint does not seem to be affected, but 
the tumor pushes up beneath the periosteum in the area of cortical bone. 

In the medullary cavity, in many cases, little deposits of brownish 
tumor can he seen. Where the shaft is involved at the site of the nutri- 
ent vessels (fig. 24), there is destruction of the cortex with tumor in 
the subperiosteal area, and at the attachment of the deltoid muscle which 
exerts a tensile influence on the bone, there is often evidence of a 
pathologic fracture with some invasion of the muscle tissue. Studies 
of the muscle tissue taken at points some distance from the site of 
invasion by the tumor reveal no tumor cells. This ty])c of tumor occur- 
ring as a single focus lends proof to the embolic theory of metastascs. 

Further evidence is found in the literature to substantiate this 
mode of invasion of the bone. Albrecht reported a case in which there 
was a single lesion noted in the scapula four years after nephrectomy 
for hypernephroma. Ten years later, following resection of the scapula, 
the patient was still well. On the other hand, permeation of the lymph- 
atics by tumor cells is undoubtedly a mode of progression in this tumor.^" 

The microscopic picture as seen in figures 22 and 25 is typical of 
the ordinary structure of hypernephroma of the renal type. There 
apparently is little tendenc}’- on the part of the bone to wall off the 
tumor. In a few areas there are spicules of old bone being destroyed 
by direct contact with the tumor cells. The cells are granular or foamy, 
and are interspersed with granules of lipoid. The cytoplasm is usually 

18. Albrecht, P.: A Study of the Clinical and Pathological Anatomy of 
Hypernephroma, Arch. f. klin. Chir. 76:1073, 1905. 

19. LeCount, E. R. : Report of a Case of Malignant Hypernephroma, Tr. 
Chicago Path. Soc. 5:82, 1901-1903. Bicrring, W. L., and Albert, H.: Secondary 
Manifestations of Hypernephromata, J. A. M. A. 43:234 (July 23) 1904. 
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remarkably clear, containing large globules of fat; the amount and 
clearness of the cytoplasm depends on the grade and rapidity of the 
growth. 

Treatment . — The proof of the benefit of any one form of treatment 
depends on the ultimate result. In this group of cases of hypernephroma 
with metastases to bone, it has been difficult to follow many of the 



Fi- 25 (path. no. 29461). -Photomicrograph of the tumor showi --t 

Note "the typicol structure of l.yperoephro™ cel s ^ 

The cytoplasm of the cells is quite clear, and there is little 

patients, but the data at hand point to inter- 

offers as much for the prolongation ot life 
vention alone or surgical tt^^asures comblned^^^ ^ 
therapy (table 4). One patient (pa i- it • ^ symptoms 

radium therapy, was living seventy-stx ™ .here is 
of the tumor. Aside from the prolongation of . 
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the problem of pain. Bloodgood has found in instances in wliich one 
metastatic lesion is present or in whicli a bone with multiple lesions 
is easily accessible to surgical measures, and in Nvhich the condition of 
the patient is such as to withstand the operation, that much relief from 
pain can be given by resection of the aftected portion of the bone. One 
important factor in the treatment of this tumor by irradiation is the 
extremely resistant character of hy))erne])hroma to low voltage radia- 
tion."" Unless roentgen therajw in keejiing with that discussed under 
carcinoma of the breast is available, the ])atient should he referred else- 
where for treatment. 

Tl'MOKS or M.M.E AXl) I'KM.tUK UKN'ITAU TU.\CT 

Proslalc . — Carcinoma of the prostate with metastases to hone is of 
frequent occurrence, as reported by those clinics and laboratories where 
considerable genito-urinary material is seen."’ From among 1,020 cases 
of cancer of the prostate in the Brady Urological Institute and 20 cases 
registered by the Surgical Pathological Laboratory of the Johns Flopkins 
Hospital. 134 itistances of metastases to the hone were found. It must 
be pointed out. however, that roentgenograms have been made in only 
about 50 per cent of the total number of cases, and in only 25 per cent 
of this number were secondary depo.sits in the bone found. 

The hones most frequently involved are the pelvis and vertebrae, 
particularly the lumbosacral, more rarely the femurs and in two instances 
the lower end of the tibia and the skull. 

The age incidence of the men is well beyond the age of 50 (table 
6 A). These men showed obstructive urinary symi^toms and enlarge- 
ment of the prostate at the time the metastases were noted. In a per- 
sonal communication with Dr. W'aters and Dr. Hugh Young's clinic. I 
am informed that many j^atients following jn’oslatectomy for extremelv 
small carcinomas, which are actually found on subsequent jjathologic 
examination of the prostate, develop osseous lesions a few years later. 

The clinical course of these patients is one of progressive emaciation, 
secondary anemia and excruciating jiains in the affected bones. 

Roentgen Studies . — The usual x-ray jncture of the hones invaded 
by the tumor is one of an osteojrlastic nature. There is marked increase 
in formation of the bone, with areas of lighter mottling which suggest 
some destruction (fig. 26). 

20. Dresser, B. : ^^letastatic ^lanifestations of Hypcrnepliroma in Bone, Am, 
J. Roentgenol. 13:342, 1925. 

21. Bumpus, H. C. : Roentgen Rays and Radium in the Diagnosis and Treat- 
ment of Carcinoma of the Prostate, Am. J. Roentgenol. 9:269, 1922. Blumer, G. : 
A Report of Two Cases of Osteoplastic Carcinoma of the Prostate with a Review 
of the Literature, , Bull. Johns Hopkins Hosp. 20:200, 1909. 
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Table 6.— Malignant Disease of the Male Genital Tract with Metastases to Bone-Continued 
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Fig. 26 (path. no. 42182). — Osteoplastic nature of bony metastases from carci- 
noma of the prostate as depicted in the roentgenogram. A shows involvement of 
the ribs and clavicle with some bony destruction and formation of new bone. B, 
the upper end of the humerus with marked sclerosing reaction in the region of the 
head from tumor invasion. shows multiple involvement of the entire pelvis and 
associated involvement in the upper part of both femurs. Note again the marked 
prodvtction of bone in the affected areas. 
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Simpson has reported a case in which there was no clinical roent- 
genographic or gross anatomic evidence of vertebral metastases, which 
on subsequent microscopic study, revealed generalized medullary carci- 
noma of the prostate gland. 

Bumpus,"3 in a study of 362 cases at the Mayo Clinic, found that 
the osteoplastic t 3 ^pe of bony metastases was by far the more common, 
but that osteoclastic changes did occur in a few of the cases. 





Fig. 27 (path. no. 1643 ).— Photomicrograph showing definite glandular struc- 
ture of the invading prostatic cancer, while about this tumor tissue 
bone can be seen which is an attempt on the part of the osseous structure o 
off the advance of the tumor. 


On gross examination, these metastatic areas aie tisuall} u 
grayish nodules with many newly-formed trabeculae of wne as 

~ 22. Simplon, W. M.: Diffuse Vertebral Metastasis of Prostatic Carcinoma 

Without Bony Changes, Am. J. Roentgenol 15:534, 1926. Ohst. 32: 

23. Bumpus, H. C., Jr. : Carcinoma of the Prostate, Surg. i 

31, 1921. 
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cis spicules of old bone undergoing nbsorption by diiect contfict witb 
the tumor cells. The prostatic glandular structure can be made out in 
many of the secondary deposits in bone. About this tumor tissue is 
found much reactive bone, which is an attempt on the part of the osseous 
structure to wall off the disease invading its substance ffig. 27). 

The reaction of hone to prostatic carcinoma is quite the reverse of 
that usually seen in other metastatic lesions, except where osteoclastic 
invasion by tumor has been treated Iw roentgen therapy. ]\Iany pos- 
sibilities arise in connection with this phenomenon. Ihe most tenable 
one, however, is that the invasive powers of the metastatic tumor are 
so moderate that proliferation of the hone can keep pace with the 
invasion by tumor. The validity of this statement becomes more 
apparent when one considers the reaction of tumor deposits from other 
primary lesions to roentgen therapy. 

Roentgen therapy oft’ers some relief from pain hut is not effective 
in eradicating the lesion or in greatly prolonging the life of the jiatienl. 
Resection of the affected hone or amputation of the diseased limb has 
in some instances made the patient more comfortable for the time he 
had to live. 

Testicle . — Malignant disease of the testicle with mctastascs to hone 
is of rare occurrence. Of thirteen cases in which the diagnosis was 
carcinoma, in onlv one instance is there a record of metastases (table 
6 B). 

A man, aged 40 (path. no. 29669), had orchitis of the left testicle with subse- 
quent atrophy at the age of 18, after an attack of measles. For two months prior 
to admission to the hospital twenty-two years later, he had noted a swelling in 
the testicle. On e.xamination, it was found to be a hard, irregular mass. There 
was no enlargement of the regional lymph glands and no palpable mass in the 
abdomen. The blood and urine were normal. On roentgen examination of the 
various bones, the fourth and fifth ribs showed destruction. The patient had 
noted some pain in the region of these lesions for over a year. Just prior to 
admission, there had been a noticeable loss of wciglit. Following roentgen therapy 
both over the testicle and the affected ribs, orchectomy was performed, and 
uneventful recovery followed. In 1922, the patient had remained well twenty-eight 
months with recalcification of the fourth and fifth ribs. Since that time, the patient 
has been lost from observation. 

In forty-two cases of sarcoma of the testicle registered in the 
Surgical Pathological Laborator}^ there is only one instance of metas- 
tases to the bone (table 6 B, path. no. 42856). 

A white man, aged 56, presented himself with a growth on his forehead of 
eleven months’ duration. When first noticed, it was the size of the index finger. 
There had been no pain or headache. A swelling of the right testicle had been 
noticed for at least a year and a half which followed a slight injury. Six months 
prior to his admission to the hospital, the swelling suddenly disappeared with 
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subsequent fluctuations in size. Seven weeks before, the patient iiad vliat lie 
called an attack of influenza, with a temperature of 102 F. Following 
this, a physician was interviewed who gave the patient serum treatment 
for the tumors, which was followed again by an elevation of temperature. On 
examination, the tumor in the forehead was found to be the size of a small orange 
and extended from the nose to the hair line. There was fluctuation in the tumor. 

The x-ray picture revealed destruction of the frontal bone, particularly of the 
outer table, immediately above the frontal sinuses with infiltration and swelling 
of the overlying soft structures. There was no evidence of metastases in the other 

Table 7. — Maglinant Disease of the Female Gcnlto-Urinary zvith Metastases 

to Bone 


Path. 




Primary 

location of Pathologic 

Treatment of 

Duration of 

No. 

Color Sex 

Age 

Tumor Sletastascs Fracture Metastases 

Carcinoma of the Pemale Genital Tract 

Metastases 

40714 

W 

P 

53 

Carcinoma 
of uterus 

Right femur, 

right pelvis 



3779 

TV 

P 

35 

Carcinoma 
of uterus 

Right ilium 

Exploration, 

drainage 

Dircd 10 mo. 

3429 

C 

P 

49 

Carcinoma 
of uterus 

Right pelvis 

(ilium) 


Lived 4 mo. 

3fi552 

TV 

P 

60 

Carcinoma 
of ccrvi.v 

Right humerus, 

right side of 
skull, upper third 
of femur 



20111 

TT^ 

P 

3S 

Carcinoma 
of cervix 

Ilium 



27170 

TV 

P 

47 

Carcinoma Metacarpal 

of ovary right foot 

Carcinoma of the Bladder 



11970 

TV 

P 

50 

Carcinoma 
of hladder 

Sarcoma 

Tibia, right 

of the Female Genital Tract 

Resection 
of tibia 


29529 

TV 

P 

14 

Sarcoma 
of ovary 

Skull, lower 

third of left 
femur, upper 
end of femur, 
left ilium 

X-rays 

Lived 13 mo. 


bones of the skeleton. The testicle was removed by Dr. ^ 

patient was given roentgen therapy, with rapid disappearance o “ evstemic 
forehead, which was soon followed, hoivever, b}' vomiting ° mtirnt died 

disturbances. There was never severe anemia or emaciation. le p 

three months after operation, having lived fourteen mont is rom 
the metastases. 

Bladder.— One example of carcinoma of the bladder with metasta-Cs 
to bone (table 7 , path, no. 11970) is recorded. ^ 

A white woman, 50 years old, six we^s followed b)' 

pain in the inner portion of the right tibia on ^ marked swelling 

Lelling of the right foot. The pam was worse ^ ,,ere was 

developed in the midshaft of the tibia. On roentgen exannna 
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evidence of destruction of the bone beneath the periosteum on the side toward the 
fibula, with slight evidence of formation of new bone, characteristic of metastatic 
cancer. Resection of the tibia was performed, and microscopic examination 
revealed tissue of the transitional type resembling that seen in tumors of the 
bladder. 

Following the operation, hematuria developed, and after two months and nine 
days a cj^stoscopic examination was done wiiich showed a tumor of the bladder 
in the region of the trigone. Unfortunately, the patient was lost from observation 
soon after recovery from operation, so that the ultimate progress of the disease 
could not be ascertained. 

Uterus . — From among eighty-six cases with carcinoma of the uterus, 
five cases (5.6 per cent) showed metastases to bone (table 7), two of 
these patients having the primary lesion located in the cervix. The 
age incidence in these cases extended from 35 to 60 years. The 
metastases were found four times in the pelvis, twice in the femur 
and once in the humerus, skull and metacarpals of the right foot. 

Clinically, varying degrees of pain with disturbances of use in the 
affected extremities were common S 3 'mptoms. At times an associated 
swelling was noted in the glands of the gi'oin and of the affected limb. 

Owing to the fact that uterine carcinoma as a whole invades lymph 
nodes relatively late, Ewing has found a striking tendency of the 
disease to remain localized either to the uterus or to its immediate 
vicinity. As a rule, tumors of the fundus long remain confined by the 
muscular wall. This is not the case in cervdeal carcinoma, which invades 
the parametrium early. The duration and type of the disease undoubt- 
edly influences the rapidity of the extension. 

The clinical course of the advancing disease is dominated by second- 
ary invasion of surrounding organs, many cases terminating through 
uremia from occlusion of the ureters. Characteristic cachexia develops 
in most cases, but nutrition ma}'^ remain surprisingly good. 

The x-ray picture shows destruction of the bone (fig. 28). There 
is little tendency to formation of bone, and there is nothing typical 
of the lesion to set it apart from the other osteoclastic types of metas- 
tases. 

In this group of cases there is little to offer with regard to treatment 
except the general principles that have been laid down in the preceding 
pages. Ford-® recently showed that there is a slightly smaller per- 
centage of cases showing distant metastases, including metastases to the 
bone, following adequate irradiation of the primary lesion than in those 
cases in which radium therapy is not employed. Some relief from pain 

24. Ewing, J.: Neoplastic Diseases, ed. 3, Philadelphia, W. B. Saunders Com- 
pany, 1928, p. 601. 

25. Ford, F. A.; Distant Metastases in Carcinoma of the Cervix of the 
Uterus, Minnesota Med. 13:489 (July) 1930. 
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in the osseous lesions is obtained by irradiation, but this is more tran- 
sient than the relief following the irradiation of mammary carcinomat- 
ous metastases to bone. 

Ovary. — "I'hcre are two instances, 2.8 ])cr cent, of ovarian tumor 
with metastases to bone among sixty-nine such cases in this laboratory 
(table 7). 

One of these patients was a woman, aped 47 (patli. no. 27170), in whom, four 
months prior to admission, sudden pain developed over tlie entire a!)domen, and 
lasted for a few days. The ahdonien soon hccamc filled with fluid; a subsequent 
laparotomy was performed, and Itloody fluid was found. The right ovary was 
much enlarged. The patient made an uneventful recovery and returned iiome. 
Twelve months ago, she began to limp l)ecause of dihcomfort in the right foot. 
A roentgenogram of the foot showed destruction at the proximal end of the third 
metatarsal bone. Roentgen therapy was administered, and the condition of the 
foot improved. The patient has been lost from observation. 

The other case (path. no. 29529) was that of a young girl, aged 14, who first 
noticed pain in the left knee witii limp, and pains in the abdomen with some 
diarrhea. Eight months later, a lump appeared on the posterior portion of the 
skull. A laparotomy was subsequently done for pain in the abdomen, free fluid 
was found, and a small tumor of the riglit ovary was removed and was diagnosed 
sarcoma (mesothelioma). 

Roentgen therapy was instituted, and though some relief from pain followed, 
the course was progressively downward. Tite patient died twenty months after 
the first symptoms of metastases. l^oentgen c.xnmination revealed areas of destruc- 
tion in the .skull and in the lower third and the upper end of the femur (fig. 29) 
and in the left ilium. 


MALIOX'.VXT DISE.VSK OF TIIF THYROID 

In those reports that deal witli a large series of cases of malignant 
disease of the thyroid, metastases to bone tire of frequent occurrence. 
Ehrhardt found bones affected in 66 of 238 cases of carcinoma of 
the thyroid, and Ewing'" is of the opinion that in malignant con- 
ditions of' the thyroid the bones are involved only less frequently than 
in cases of mammary and pro.static cancer, giving the following order 
of frequency in bones affected : skull, sternum, spine, ribs, humerus, 
femur and pelvis. The metastatic growths appear near the epiirhyses 
either as central (fig, 30) or subperiosteal lesions. Much has been 
written concerning the so-called metastatic tendencies of the “benign 
metastasizing goiters.” Simpson -® reported three cases in which the 

27. Ewing, J.; Neoplastic Diseases, cd. 3, Philadelphia, W. B. Saunders Com- 
pany, 1928, p. 955. 

28. Simpson, AV. M. ; Three Cases of Thj'roid Metastasis to Bones, Surg. 
Gynec. & Obst. 42:489, 1926. 



Table 8. — Malignant Condition of the Thyroid with Metastases to Bone 


Path. 




Primary 

Location of 

Pathologic 

Treatment of 

Durnttevn c\f 


Color 

Se.\: 

Age 

Tumor 

Metastases 

Practure 

Metastases 

Metastases 

40030 

W 

P 

51 

Carcinoma 
of thyroid 

Upper end of 
left humerus 


Exploration 



40S92 

•• 

M 

5G 

Sarcoma 
of thyroid 

Bone 


X-rays 

Lived 10 mo. 

37300 

w 

P 

55 

Carcinoma 
of thyroid 

Skull 




31353 

w 

M 

70 

Carcinoma 
of thyroid 

Bibs and ster- 
num, right 0th 
7th and 8th ribs 




Lived 24 mo. 

2S3GG 

w 

M 


Carcinoma 
of thyroid 

Neck of femur 

Pemur 

Curetting 
of tumor 


26S23 

w 

P 

54 

Carcinoma 
of thyroid 

Upped third 
of right hu- 
merus, right 
ciavicie 

Bight 

clavicle 

Erysipelas Lived 24 mo. 

and prodigiosus 
toxins (Coley’s), 
radium, amputa- 
tion and x-rays 
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3 «jcroscopic picture of tlie tissue removed from osseous deposits was 
that of typical thyroid tissue with the patients apparently presenting 
clinically benign goiters, but on careful observation of the clinical course 
and subsequent pathologic changes, these cases were found to show 
malignant degeneration in the thyroid gland. This, together with 
evidence which he accumulated, points to the fact that many such cases 
show some existent malignant change in the thyroid gland. 



F]g 31 (path no 26823) — Microscopic picture showing marked proliferation of 
tumor cells, with a spicule of old bone being destrojed by direct contact with the 
tumor cells. 


In the SIX cases of malignant disease in the thyroid gland, with 
metastases to bone (table 8) recorded here, the ages ranged beyond 
40 and well into late life. The cases were equally divided between the 
sexes. 

There are too few cases to diaw any conclusion concerning the 
incidence of involvement of the bone, but the evidence points to both 
a lymphatic and a hematogenous type of invasion. 
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The clinical course in these cases was usually one of progressive 
emaciation with symptoms referable to the bones that were tl}e^seat of 
the metastases. Pulmonary symptoms where the gland had invaded 
Pie structure of the neck and mediastinum causing pressure were marked 
in some cases. 

Roentgen therapy was used in one instance, and in another eiysipelas 
and piodigiosus toxins (Cole)^), radium therapy, subsequent amputation 
and roentgen therapy were combined, but despite the alleviation of pain 
the course of the disease proved fatal within two years. 

The micro-scopic picture shows marked proliferation of tumor cells 
with little or no attempt at bone repair. Spicules of old bone are des- 
troyed by direct contact with the tumor cells (fig. 31). 


MALIGNANT DISEASE OF THE GASTRO-INTESTINAL TRACT 


StoiiiacJi . — The literature related to carcinoma of the stomach and 
its subsequent metastases to bone is limited. Moore,-” of the Mayo 
Clinic, up to 1919 had not observed a single metastatic lesion to bone 
from cancer of the stomach. Kaufmann reported 2.5 per cent of 
metastases to bone in a review of 309 cases of malignant disease of 
the stomach. Schlesingers found an incidence of 9.3 per cent in 
54 cases, and Jenkinson,"’^ in reviewing the literature, could find only 
32 cases in which carcinoma of the stomach had metastasized to bone. 

From a series of 537 patients who were found to have carcinoma 
of the stomach, registered in this laboratory, only 7, or 1.03 per cent, 
were subseciuently found to be affected by metastases to bone (table 9). 
The ages of these patients ranged between 32 and 71. The bones 
involved were, in the order of frequency : ribs, 4 cases ; pelvis and 
femur, 3 cases; vertebrae, 2 cases; sternum, skull and scapula, 1 each. 

The frequent involvement of the ribs without metastases to the 
lung points to a lymphatic -route of dissemination, while the mode ot 
invasion in more distant bones is open to cjuestion. 

In one instance (path. no. 39012), a pathologic fi’acture was found 

at the lower third of the right femur. 

Most of the metastatic lesions in this group were examined at 
autopsv, but in two instances in which roentgen examinations were 
recorded (figs. 32 and 33), either diffuse mottling with destruction ol 
bone and no distortion of the bone shell was present, oi a slight cx] 
sion accorai^anied the central cy’^stic lesion. 


29. Aloore (footnote 1, second reference). 

30. Quoted by Jenkinson. _ ^ r r Traci 

31. Jenkinson. E. L. : Primary Carcinoma of the Gastro-b 

Accompanied bv Bone Aletastasis, Am. J. Roentgenol. 11:411 (.\ia> ) - • 
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The clinical course is well illustrated in the following case report 
(path. no. 43240) : 

A white man, aged 40; was admitted to the hospital complaining of an inability 
to walk, with pain in the legs and in the back of the neck. He had previously 
suffered for nine months with a sensation of pins and needles in the feet on walk- 
ing. His feet felt cold, and the skin was exceedingly dry over these extremities. 
Seven months prior to admission, he had fallen on his back, and severe pain had 
followed for several days. Four months later, a progressive weakness of the legs 
was noted and finally, an inability to walk. Occasionally he had suffered from 
attacks of vomiting, and there was constant headache. 


Tabli; 9. — Carcinoma of the Stomach milh Ulctastascs to Bone 


Path. 




Primary 

Location of Patliolopie 

Treatment of 

No. 

Color 

Sex 

-Arc 

Tumor 

Metastases Fructuve 

Metastases 

4«T7 

W 

P 

.14 

Carcinoma 
of stomach 

Sternum, ver- 

tebra, femur, 
ribs, pelvis 


4324G 

C 

.M 

G2 

Carc'noma 
of stomach 

Hones 


43244 

W 

F 

70 

Carc'noma 
of stomacli 

util left rib 


43242 

W 

11 

30 

Carc'noma 
of stomach 

Riftht 4th, 5tlt 

and 0th ribs, 
left 4th, 5tli and 

9tli ribs, 1st lumbar 
vertebra, 1st anti 

10th thoracie 
vertebrae, left 
parietal bone 


43240 

W 

.11 

40 

('arcinoma 
of stomach 

ItiRlit femur 

an<l Ilium, 2il and 
.Itli riglit ribs 

Rest in bed 

39012 

IV 

Jt 

.19 

Carcinoma 
of stomach 

f.ower third of Femur 
rittht femur, 
left ilium, right 
acetabulum 


30.342 

W 


71 

Carcinoma 
of stomach 

Left scapula 

X-rays 


Duration of 
Jletustuscs 


Dived 9 ino. 

Livoil 24 1110 . 
])liis 

Lived 14 mo. 


On examination, the patient was found to be quite emaciated, and he was 
unable to sit up in bed; the knee jerks and deep refle.xes elsewhere were absent. 
There was a fulness over the outside of the crest of the right ilium and a distinct 
thickening of the head of the femur. The blood showed a moderate secondary 
anemia, which gradually became more severe. The ultimate clinical course was 
progressively downward, and the patient died nine months after the first symptoms 
of metastases. 

An interesting feature of the blood in cases of metastases of the 
bone from carcinoma of the stomach is reported by Piney " and others."^ 

32. Parmentier, E., and Chabrol, E. : Anemic grave et metastases cancereuses 
dans la moelle des os, Bull, et mem. Soc. med. d. hop. de Paris 28:341, 1909. 
Schlcip, K. : Zur Diagnose von Knochenmarkstumoren aus dem Blutbefunde, 
Ztschr. f. khn. Med. 59:261, 1906. Harrington, A. W.. and Kennedy. A. M. : 
Bone iMarrow Metastases and Anemia in Gastric Carcinoma, Lancet 1:378, 1913. 



Fig. 32 (path. no. 36342). — Roentgenogram showing diffuse mottling with 
destruction of the bone in the head of a humerus and in the adjoining scapula 
from carcinoma of the stomacli. 



from within. 
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Changes in the blood of a pseudopernicious type were found in these 
cases, and are recorded in only one other type of metastatic tumor — 
carcinoma of the breast metastasizing to bone. This is in contrast to 
the ordinary type of secondary anemia usually seen. In one case of the 
present series (path, no 44477), a similar condition was noted in the 
blood. 



big 34 (path no 44477) —Photomicrograph showing invasion of a lymph 
gland by tumor tissue from medullary carcinoma of the stomach 


A white woman, aged 54, had always been healthy until three years before 
admission to the hospital, when she became quite weak and pale, and began losing 
weight. “ 

Six months before admission to the hospital she noticed enlargement of all the 
Ijmph nodes and a progressive downhill course with fe\er and sweats. The blood 
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on admission revealed 3,100,000 red blood cells, 10,600 white blood cells, 340,000 
platelets with 30 per cent of pob^morphonuclear cells, 6 per cent eosinophils, 2 per 
cent basophils, 26 per cent myelocj'-tes, 1 per cent myeloblasts, 16 per cent large 
lymphocytes and 11 per cent small lymphocytes, and also tertian malarial parasites 
which were present at this examination. 


to bone. 

A roentgenogratn of the chest showed "the hfood slioiied 

time the long hones were normal. Chem.^i e-™^ 

nothing nnusnnl, and a Wassernrann react. on , „a„re (fig 34) 

A lymph gland was removed for diagnosis, and the nncros 

was thought to be myeloid leukemia. OTO'^ressne emaciation The 

The farther coarse ° ,f,er admission to the hospital 

anemia became very marked, and tiiteen o j- 

patient died 




COPELAND—SKELETAL METASTASES 


637 


Autopsy was performed, and a large tumor of the stomach with extension to 
surrounding tissue and mesentery was found. The retroperitoneal, mediastinal, 
peribronchial, cervical, axillary and inguinal lymph nodes, the spleen, liver and 
bone (table 9) were involved. 

The microscopic picture of the tumor of the stomach (fig. 35) revealed a 
medullary type of carcinoma. 

The bone marrow was diffusely destroyed, and it was easy to distinguish 
betw’een bone marrow and tumor tissue. 

Tumors of other parts of the gastro-intestinal tract occasionally 
metastasize to the skeletal system, which is represented in the literature 
by isolated case reports.-'*'^ 

Table 10. — MaUgnani Disease of the Gastro-intestinal Tract with Metastases 

to Bone 


Path. Primary Location of Pathologic Treatment of Duration of 

No. Color Sex Age Tumor Metastases Practure Metastases Metastases 


29S61 

29801^4 .. 

29801% . . 

5145 W P 


Carcinoma of the Gastro-intestinal Tract 

Carcinoma Lumbar spine 

of esophagus 

Carcinoma Ischii and pubis 

of cecum 

Carcinoma Upper third of 

of sigmoid right femur 
54 Carcinoma Midshaft of Humerus 

of rectum right humerus 


Sarcoma of Gastro-intestinal Tract 

28258V& W P IS mo. Sarcoma Right ilium, Radium 

of ileum loft femur 
right femur, 
left ilium 


Living after 
18 mo., lost 
from obser- 
vation 


Dead 


Primary Carcinoma of the Liver 

25501 C M 70 Carcinoma Pelvis, upper Lived 6 mo. 

end of femur, 
spine 


Among the primary lesions in this laboratory, single examples of 
invasion of the hone from malignant conditions of the esophagus, cecum, 
sigmoid, rectum, ileum and liver are recorded (table 10). 

The associated secondary deposits, as in the other primary tumors 
mentioned, were contributing factors in the ultimate prognosis of these 
cases. Only one patient in the series was treated by roentgen therapy, 
with some relief from pain but apparently without prolonging the 
patient’s life. 

33. Moon, V. H.; Primary Carcinoma of the Liver with Metastases to Bone, 
Arch. Path. 8:938 (Dec.) 1919. Brickner, W. M., and Milch, H. : Pathological 
Fracture of the Humerus due to Carcinoma Metastatic from a “Silent” Growth 
in the Oesophagus, Internat. Clin. 1:207 (March) 1926. Jenkinson (footnote 31). 
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- CARCINOMA OF THE LUNG 

Involvement of the bone was found in four (16 per cent) of twenty- 
four cases of carcinoma of the lung analyzed in this clinic. Grove 
and Kramer in a study of twenty-one cases of primary lesions of 


Table 11. — Miscellaneous Tumors with Mctastascs to Bone 


Path. 

No. 

Color 

Se.x 

Age 

Primary 

Tumor 

Location of Pathologic 
Mctastascs Fracture 

Treatment oi 
Mctastascs 

Buration of 
Mctastascs 






Carcinoma of the Lung 



40932 

W 

jM 


Garclnoina 

Lumbar sp'ne, 

X-rays 






of lung 

pelvis, skull 


378S8 

W 

M 

39 

Carcinoma 

Bight 9th rib 

Eesection 

Lived 21 mo. 

31740 

W 

M 

49 

of lung 
Carcinoma 

Bibs, vertebrae 2 ribs 





of lung 



14500 

C 

P 

54 

Carcinoma 

Skull 

Excision of 





of limg 

Sfelanomas 

frontal bone 



321 70 

W 

M 

44 

Melanoma 

Middle third of Middle 
left humerus third of 

humerus 

Amputation 
of left arm 

Living 7 yr., 

6 rao. 

10764 

W 

P 

79 

Melanoma 



Lived SG mo. 


tibia 


9717 

W 

M 

70 

Melanoma 





radius 







Nasopharyngeal Tumor 



40299 

W 

U 

67 

Adenoid 
cystic 
basal cell 
carcinoma 

Skull, jaw, cor- 

vical vertebrae, 
clavicles, scapulae, 
all ribs, other 

Excision of 
nasal polyp, 
with radium 

Lived approx- 
imately 80 mo. 


bones 





Epithelioma of Ear and Heel 

32025 

W 

F 40 Epithe- 
lioma 

Loiver end of 

femur 

30S31 

w 

M . . Epithe- 

lioma 

Malar bone 


Cauterization 

of Jowcr end 
of femur, 
erysipelas and 
prodigiosus 
toxins (Coley’s) 

X-rays, Lived SO yr. 

radium pius 


266S6 W 

266S3 W 


M 32 


Sarcoma of the Soft Part 

Sarcoma Clavicle, lower 

of neck right jaw, tibia 


M 33 Sarcoma 
of neck 


Bight clavicle, 
ilium, radius, 
left tibia, ankle 


X-iays, cry- Lived 21 mo. 

sipeltts and plus 

prodigiosus 
toxins (Coley's) 

X-rays 


the lung, found 38 per cent metastasizing to bone. A wide ^ 

bones were involved, including the lumbar spine, pe vis, ^ ^ 

(table 11). Pathologic fracture was found in the ribs o one ca 

examination. 

J. S.. and Kramer, S. E.: Primary Carcinoma of the Lung. Am. J. 
M. Sc. 171:250 (Feb.) 1926. 
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The clinical course of the disease revealed nothing different from 
that recorded in other metastatic lesions. The x-ray picture shows 
destruction of the bone with slight formation of new bone, often within 
the area of destruction (fig. 36). Microscopically, the osseous lesion 
shows destruction of the bone by direct contact with the tumor cells and 
some attempt on the part of the bone to react by fibro-ostosis (fig. 37). 



Fig. 36 (path. no. 14500). — Roentgenogram of the skull showing destruction of 
the bone with slight formation of new bone within the area of tumor invasion. 


Hirsch and Ryerson reported four cases in which the early diag- 
nosis was that of “endotheliomas” of bone, and they urged complete 
autopsies in all so-called primary endothelioma of the bone in order to 
rule out metastases from tumors of the lung. 

In one case, pain was relieved by excision of the affected bone. 

35. Hirsch, E. F., and R}^erson, E. W.: Metastases of the Bone in Primary 
Carcinoma of the Lung : Review of So-Called Endotheliomas of Bone Arch Sure 
16:1 (Jan., part 1) 1928. 








’^•zUrPi 


"-• i-;-o .‘.M^ 




.:C'.--rS.sV'-''-'^ 









fr • -^r - 

yv ' 









?* 't*' 






• rr the destruction 

, j,,.e bone to react by fibro-o .os. B, . »^ „„ „„„r 

lestroyed by tumor. Note the direct 
)Steoid structure. 



















COPELAND — SKELETAL METASTASES 


641 


OTHER PRIMARY TUMORS 

Melanoma developing in a benign pigmented mole 
is not unusual, but few examples are cited in which metastasis to bone 
occurs. In 169 cases in this laboratory, only 3, or 1.07 per cent, showed 

secondary deposits in bone (table 11). 

The location in the long bones is about the site of the nutrient 
vessels (figs. 38 and 39), with marked destruction and expansion of the 
bone and some invasion of the soft part. 



Fig. 38 (path no 32176) — Roentgenogram of a melanoma involving 
the midshaft region of a humerus. One may observe the marked destruction of 
the bone with pathologic fracture in this region. At the attachment of the deltoid 
muscle is seen convex bowing of the bone with subperiosteal formation of new 
bone on the lateral aspect. 

Pathologic fracture occurred in one instance in the middle third 
of the humerus (fig. 38). 

The clinical features of this type of metastasis is one of pain extend- 
ing over a period of a year or more, occasionally pathologic fracture 
and ultimately the symptoms of generalized dissemination of cancer. 
However, there is a patient living seven years and six months following 
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amputation of the left arm (fig. 38) for a metastatic lesion in the middle 
third of the humerus (path. no. 32176). • . 

A white man, aged 44, had pain in the middle of the left humerus eight weeks 
prior to admission. Swelling began soon after and was accentuated by the use 
of the arm. The examination gave negative results, except for the left arm, where 
there was a cylindric swelling in the middle third with slight local redness of the 
skin. The pathologic fracture was found at this examination. 



Fig. 39 (path. no. 32176). -Microscopic picture of the tumor depicted m figure 
38, showing cells with the morphology of melanoma. x'feani p 
can be seen incorporated in many of the cells. 

The arm was amputated, and the microscopic examination (fig- 39) revealed 

cells with the morphology of melanoma. .j^ 2','o 

Melanotic pigment was found -c incorporated m many 

■ 36. Smith, D. T.: Me.hod for Making a Differential 

Xanthomatous and Melanin Tumors from Frozen Section., - 
(i\Iay) 1924. 
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T' ^ show an invasion of the skull, pelvis and 
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further treatment was instituted, and in January, 1930, the patient was reported 
well, seven years and six months after the onset of symptoms. 

Other isolated examples of metastases from various primary tumors 
to bone are recorded in the laboratory and are shown in table 11. 

An interesting nasopharyngeal tumor of the adenoid-cystic basal cell 
carcinoma type is to be noted, which after several recurrences and 
much radium therapy with excision of the primary nasal polyp on many 
occasions has ultimately metastasized to the skeleton, the patient having 
lived thirty-six months from the onset of the osseous invasion. The 
bones involved were the skull, jaw, cervical vertebrae, clavicles, scapulae, 
all of the ribs, pelvis and femurs (fig. 40). 

Dr. John W. Spies of the surgical pathology department of Yale 
University, in a personal communication, stated that he had collected 
a large number of these cases.* He found that the tumors are usually 
situated in the region of the nasopharynx or about the buttocks, and 
that many of them metastasize after repeated recurrences. 

i 

METASTASES FROM AN UNDETERMINED MALIGNANT CONDITION 

In many instances the clinician is, unable to diagnose definitely the 
lesion of the bone after a thorough ‘examination has been made and 
roentgenograms of the entire skeleton examined. Even when a biopsy 
is taken, the morphologic structure of the cells in the microscopic picture 
are such that little more can be said than that a metastatic lesion is 
present. 

There are thirty-one such cases under analysis in this laboratory, 
and in none of them is it possible to determine the primary focus. The 
roentgen criteria in the differential diagnosis of lesions of the bone, 
as pointed out previously in this paper (see section on breast), plus 
clinical and laboratory studies, have usually aided in classifying these 
lesions as metastatic to bone, though in all instances the true nature of 
the disease is left subjudice (tables 12 and 13). 

Little can be gained from detailed analysis of this group. It is to 
be pointed out, however, that many of these patients were relieved from 
symptoms of pain for long periods by the administration of ^roentgen 
therapy, and in a few instances (path. nos. 39856, 35310, 27929 an^ 
30857), the patients lived from three to eight and a half years following 
roentgen therapy or amputation of the affected part. 

MODE OF METASTASES 

Since the time of Virchow and his fundamental work on the knowl- 
edge of tumors, many attempts have been made to explain secon . 



Table 12.— Cases of Undetermined Primary Lesions zvith Metastases to Bone 


Path. 

No. 




Primary 

Location of 

Pathologie 

Treatment of 

Duration of 

Color 

Sex 

Age 

Tumor 

Metastases 

Practure 

Metastases 

Metastases 

43226 

W 

M 

45 

Carcinoma 

Upper third of 
left femur, 
left ilium 

Left femur 

Exploration 


42924 

•• 


5S 

Undeter- 

mined 

1st lumbar 
vertebra 


Laminectomy 


42706 

W 

M 

50 

Undeter- 

mined 

Left femur 

Left femur 
below tro- 
chanter 


Lived 10 mo. 

40S1G 

w 


4S 

Undeter- 

mined 

All ribs, dorsal 
spine, lumbar 


X-rays and 
lead 



spine, cervical 
spine, ilium, 
scapula, clavicles, 
humeri, femora 


40734 


E 

•• 

Undeter- 

mined 

Skuli, pelvis. Bibs, femur 

thoracic verte- 
brae, femur, ribs 


Lived 15 mo. 

39914 


M 

60 


X-rays 



mined 

left humerus humerus 


39S5G 

w 

M 

21 

Undeter- 

mined 

spine 

Skull, upper Upper third 

third of right of right 

femur femur 

X-rays 

Lived SO mo. 

39506 

w 

F 

60 

Undeter- 

mined 

Ilium, left Ilium 

acetabulum 

X-rays 

Lived 27 mo. 

3933S 


M 

24 

Sarcoma 




w 

bone 


Lived 48 mo. 

3S46S 

M 

42 

Undeter- 

mined 

and right femur 


37SS0 

w. 

F 

70 

Undeter- 

mined 

Upper third of Pemur 
left femur 






3617S 

36118 

c 

w 

F 

M 

68 

49 

Carcinoma 

Carcinoma 

Middle third Pemur 

of right femur 

Shaft of femur Pemur 

Amputation 
of right leg 
Curettement 

Lived 15 mo. 

Lived 24 mo. 

35838 




Undeter- 

mined 







tebra, rib, femur 



35618 

w 

F 


Undeter- 

mined 

Upper third of Pemur 
left femur, tibia, 
fibula, left 
pubic bone 

X-rays 

Lived 21 mo. 

35310 

w 

M 


Undeter- 

mined 

Humerus 

Prophylactic 
toxin treat- 
ment, biopsy 
and ampu- 
tation 

Living 45 mo, 
1928 

35002 

w 

M 

28 





mined 

lumbar vertebra 



34992 

34300 

w 

w 

P 

M 

35 

67 

Carcinoma 

Colloid 

Bight clavicle 

Upper third of 

X-rays 

Amputation 
of right arm 

Lived 8 mo. 


carcinoma 

right humerus 


34101 

w 

M 


Carcinoma 

Clavicle 

Resection 







of tumor 


32792 

w 

P 

45 

Carcinoma 

Prontal bone, 







scapulae, ischia, 
fibulae 



32446 

w 

P 


Carcinoma 

Ilium 



32229 

w 

P 

40 

Undetcr- 

4th cervical 


Lived 24 mo. 





mined 

vertebra, 0th dor- 
sal vertebra, ribs, 

9th and 12th left, 

7tb right, femora, 
left clavicle, Ilium 


3101S 

w 

M 

55 

Undeter- 

Left clavicle Clavicle 

Badium, 






mined 


X-rays 


S09'i3 


M 


Undeter- 

Upper third of 

X-rays 






mined 

femur, ilium, 
and sacro- 
iliac joint 


S0S07 

w 

P 

32 

Carcinoma 

6th thoracic 

Laminectomy 







vertebra 


SOSjT 

30034 

•ff 

M 

M 

52 

70 

Undeter- 

mined 

Carcinoma 

Ilium, spine Ilium 

Bight clavicle Clavicle 

X-rays 

Lived 36 mo. 


— 








Table 12. — Cases of Undetermined Primary Lesions zvitli Metastascs 

to Bone — Continued 


Path. 

Color 

Sex 

Age 

Primary 

Location of 

Pathologic 

Treatment of 


JJo. 

Tumor 

aietastascs 

Praeture 

Metastascs 

Metastascs 

29831 

W 

P 

56 

Carcinoma 

4th, 5th and 6th 
cervical verte- 
brae, skull 


X-rays, e.x- 
ploration 
of skull 

Lived S yr. 

4 mo. 

28S64 

W 

M 

42 

Sarcoma 

Midshaft of 
right femur 

Femur 

Neoarsphen- 
amine, plaster 
cast 

Lived 4 mo. 

27929 

W 

M 

29 

Carcinoma 

Upper third of 
right tibia, Otii 
and 7th dorsal 
vertebrae 


Amputation 
of right leg 

Lived 03 mo.; 
10 mo. after 
amputation 

27576 

•• 

M 

46 

Carcinoma 

Bib 


E.vcision of 
tumor 


26264 

W 

F 

54 

Carcinoma 

Bight ilium, 

right clavicle, 
cervical vertebra, 
loft parietal r 

bone 

Buking', infls* 

sage, x-rays 

Lived 10 mo. 

20225 

w 

ax 

55 

Undeter- 

mined 

Upper third of 
right humerus 


Antisyphilitic 

therapy 


16245 

w 

F 

49 

Carcinoma 

Eight clavicle, 
left rib, right 
tibia, phalan.v, 
right great toe, 
ilium, sacrum, 
femur, right rib 


Electrical 
therapy, 
nonspecific pro 
tein therapy 

Lived 20 mo. 

6330 

w 

M 

50 

Carcinoma 

Humerus, me- 
tatarsal bone 

Humerus 

Curettement 

metatarsal bone 

1382 

w 

M 

43 

Carcinoma 

Scapula 


Amputation 
of arm vith 
clavicle and 
scapula 

Lived 7 tao. 
2wk. 


Table 13. — Involvement of Bone in Thirty-Seven Cases of an Undclenniitcd 

Primary Malignant Disease 


Bone Involved 

Pelvis 

Location (?) 

Number 

of 

Cases 

2 

9 

Number 

of 

Times Bight 

2 

0 1 

Left 

'z 

Undeter- 

mined 

Side 

2 

6 


1 

3 1 

1 

* ‘ 


1 

1 

1 



1 

1 




1 

1 

1 



1 

1 

• ■ 


Pemur 

T 

8 3 

2 

1 

1 


5 

5 1 

o 


s 

3 2 



Spine 

. ... 2 

.2 . 


1 


. ... 4 

4 (twice; numoer nox. 



, ... 5 

5 (twice; nuniDer nov bt 




3 

2 (once; number not sti 


1 


S 

8 5 

2 

Humerus 

r, 

C 2 

o 

O 


2 



i 


1 

1 




. , - • •• 

.* 




.... 7 


I 

3 


6 

5 2 

Tibia 

2 

2 ^ 

1 

1 


... L 

1 1 


O 


3 

4 1 


I 


2 

.2 1 


1 


1 

1 

1 ’ 

1 1 

•• 

I 
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metastatic lesions. Von Recklinghausen®' was among the first to 
champion the theory of the spread of malignant tumors by the blood 
stream into the bone marrow, and his deduction was based on the three 
following points; 1. Metastases in bones occur within the medullary 
cavity and reach the periosteum only by extension from the interior, 2. 
When the subperiosteal tissue is invaded, it is always in the region of 
the large foramina, which serve as a point of egress for the veins. 
3. The individual cancer cells in the marrow lie within definite channels, 
which are arranged in a manner similar to that of the veins present in 
the marrow. 

Proof that the tumor cells lay within the small venous channels 
was based on the fact that von Recklinghausen could find no blood 
channels free from the tumor in the invaded areas, and that no known 
lymphatic channels had been found to exist within the medullary cavity. 

Since 1891, there have been manj' advocates of this theory of the 
mode of metastases, Paget,®® Piney " and Schmidt being prominent 
among the pathologists who favored this view. Piney,’^ in 1922, set 
forth further evidence in favor of metastases by the blood stream. An 
anatomic and histogenic analysis was made of the bone marrow, and 
he found that at birth all of the bones of the skeleton except those of 
the cranium contained red marrow in which there was no microscopic 
fatty tissue, and as the person’s age increased deposits of fat appeared 
in the marrow but were not present in equal amounts in all of the bones. 
In the adult, the vertebrae, sternum, pelvis and most of each rib con- 
tained red cellular marrow, the only red marrow in the long bones 
of the limbs being found in a small area at the upper end of the dia- 
physes. The small bones of the hands and feet showed complete con- 
version into fat at a much earlier date. In the bone marrow, he was 
able to find vascular channels but no evidence of lymphatic vessels. 
Within the vascular channels, plugs of epithelial cells were found both 
in the bone marrow and at the sites where the veins emerged through 
the foramina — points at which carcinomatous metastases reached the 
surface. These changes were cited by him as evidence in favor of the 
embolic theory. He set forth the observation of the lack of bone mar- 
row in the small bones of the extremities as a major reason for the 
paucity of metastases in those regions. 

Sampson Handley,^® in a treatise on cancer of the breast, in 1906, 
for the first time presented the view that cancer is disseminated by 

37. Von Recklinghausen, F.: Die Fibrose oder deformierende Ostitis die 
Osteomalacic und die osteoplastiche Carcindse in ihren gegenseitigen Beziehungen, 
Festschr. der Assistenten fiir Virchow, 1891, p. 17. 

38. Paget, S.; The Distribution of the Secondary Growths in Cancer of the 
Breast, Lancet 1:571 (March) 1889. 

39. Schmidt, At. B.: Die Verbreitungswege der Karzinome, Jena Gustav 
Fischer, 1903. 
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permeation of the lymphatics, and was of the opinion that the majority 
of metastases to the bone occurred by direct extension of the tumor 
cells through the deep fascial lymphatics; that both the humenis and 
the femur were invaded at points usually in the region where the bone 
lies nearest the deep fascia or at the point where it comes nearest to 
the cutaneous surface, and that the bones beneath the knee and elbow 
were rarely involved, owing to a fatal termination of the case before 
the invasion of the lymphatics reached these distant locations. 

Following this contribution, there have been many advocates of this 
explanation. Among the more recent investigators, Garnett and Howell 
have supported the theory of lymphatic permeation, with one exception: 
in the case of neoplastic extension within the abdomen they have found 
the cancer cells permeating the retroperitoneal lymphatics, and in no 
case have they found the extension of tumor by transcoelomic transplan- 
tations as was suggested by Handley. This study is of particular interest 
in that complete roentgenographic studies were made of a large series 
of cases of mammary cancer showing metastases in the bone, and tliey 
have emphasized the fact that invasion seems to occur first in the 
region of the primary tumor, with subsequent involvement of other 
bones in juxtaposition to those already invaded. However, it must be 
noted that the majority of their cases were in the late stages of the 
disease, so that either operation was impossible or radical operation was 
deemed futile. 


In the literature cases are recorded with the idea of establishing 
either the embolic or the lymphatic mode of metastases, and in some 
instances pathologists, notably Ewing,^® have stated that both modes 
of transmission obtain. 


In the analysis of carcinoma of the breast with metastases to the 
skeletal system in this laboratory, certain facts are presented with a view 
to verifying the mode of metastases consistent with the data at hand. 

Clinically, it was found that the majority of the patients had been 
treated by radical amputation of the breast early in the disease, and 
thus many of the lymphatics which might have been a source of tumoi 
invasion were destroyed. This observation is borne out when one comes 
to study the incidence of bony involvement and finds relative!} few o 
the osseous metastases are in the immediate region of the primary tumor. 

When the pelvic bones were involved, there wms not infrequent y 
an associated invasion of the heads of the femurs (fig- H), anc t 
gross and microscopic study in some of these instances showe ir 
involvement by means of the ligamentum teres, thus establis iing nr 
proof that there is an extension of tumor from one bone to ano le 
the lymphatics as well as extension from the primar) tumor 


40. Ewdng (footnote 26, pp. 77-96). 
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regional bones as pointed out b}' Carnett and Howell. But wben one 
studies the long bones, such as the humerus and the femur, and less 
frequently the bones of the forearm and those below the knee, especially 
in the case of single lesions, and notes the absence of invasion in the 
intervening structures between the primary focus and the distant 
metastases, one is forced to the conclusion that a vascular route furnished 
the mode of metastases. 

Other groups of primary lesions metastasizing to bone as found in 
this study have substantiated the facts brought out in the analysis of 
lesions of the breast and in addition have emphasized in the roentgen 
and gross study the relation of the nutrient vessels to the metastatic 
lesions, as well as establishing proof that many bones are invaded by 
direct extension of the tumor through the lymphatics. 


Table 14. — Metastases to the Bone 




Osseous 

Pathologic 

Patients 



Metastases 

Practufe 

Living Over 



, ^ 

, 


' , 

Five Years 


Number 

Number 

Per 

Number 

Per 

/ 



o£ 

of 

Cent of 

o£ 

Cent of 

Num- 

Per 

Primary Malignant Conditions 

Cases 

Cases 

Cases 

Cases 

Cases 

her 

Cent 

Mammary carcinoma 

1,0U 

100 

5.2 

15 

15.0 

1 

1.0 

Prostatic carcinoma 

1,010 

134 

12.8 

3 

0.2 

0 

0 

Carcinoma ot the stomach 

537 

7 

1.3 

1 

14.3 

0 

0 

Colon and rectal carcinoma 

197 

3 

0.006 

1 

33.3 

0 

0 

Melanoma 

109 

3 

1.77 

1 

33.3 

1 

33.3 

Uterine carcinoma 

86 

5 

5.6 

0 

0 

0 

0 

Hypernephroma 

03 

22 

34.9 

10 

45.4 

1 

4.5 

Ovarian carcinoma 

60 

1 

1.6 

0 

0 

0 

0 

Testicular sarcoma 

42 

1 

2.4 

0 

0 

0 

0 

Carcinoma of the lung 

24 

4 

10.6 

1 

25.0 

0 

0 

Ovarian sarcoma 

15 

1 

0.0 

0 

0 

0 

0 

Malignant disease of thyroid 

15 

0 

4.0 

o 

33.3 

0 

0 

Testicular carcinoma 

13 

1 

7.7 

0 

0 

0 

0 

Undetermined malignant disease... 

. , 

37 


15 

40.5 

2 

5.4 

Xasopharyngeal carcinoma 

. 

1 


0 

0 

0 

0 

Squamous cell carcinoma 


2 

... 

0 

0 

1 

50.0 

Sarcoma of the soft part 


2 



0 

0 

0 

0 

Carcinoma of the bladder 


1 



0 

0 

0 

0 

Esophageal carcinoma 


1 

... 

0 

0 

0 

0 

Ileac sarcoma 


1 

f - 1 

0 

0 

0 

0 

Carcinoma of the liver 


1 

... 

0 

0 

0 

0 


\¥ith these facts set forth, it would seem that one must accept both 
an embolic and a lymphatic mode of involvement, and that the particular 
circumstances of each individual case, such as the duration and the 
character of primaiy tumor, together Avith the method of treatment, 
will often determine the mode of metastases. 

SUMMARY 

Three hundred and thirty-four metastatic lesions of bone har^e been 
studied with a vie^v to setting forth the important clinical features, 
x-ray picture, incidence of involvement of the bone, histogenesis, mode 
of metastases and results of treatment. 

One liundred carcinomas of the breast with secondary invoh-ement 
of the bone were studied. The majority of the primary lesions were 
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found microscopically to be of the scirrhus type (fift3^-eight), with 
a few instances of adenocarcinoma (six cases), medullary carcinoma 
(four cases), comedocarcinoma (three cases) and colloid carcinoma 
(two cases). In one patient, the primary lesion was found to be 
fibrosarcoma. 

The bones most often involved were, in the order of frequency : the 
spine, pelvis, femui , skull, ribs and humerus, while metastases in the 
foiearm and the lower leg were of infrequent occurrence. 

Clinically, pain of a severe rheumatic character was an important 
feature. When the metastatic foci were located about the spine, girdle 
pains and many other neurologic manifestations appeared. Occasionally, 
pain preceded roentgenologic evidence of skeletal metastases from three 
to eighteen months. The majority of the cases eventually showed a 
secondary type of anemia with its complications as the disease pro- 
gressed. In an occasional case I'ci^orted in the literature it was pointed 
out that a pseudopernicious t3^pe of anemia was present. The terminal 
phases of the disease were a progressive emaciation, usually with much 
pain; when the lungs were involved (nineteen cases), respiratory embar- 
rassment with spitting of blood and paroxysms of coughing were added 
features of discomfort. 

Pathologic fracture occurred in fifteen instances, thirteen being in 
the femur, one in the ilium and multiple fractures of the ribs in the 
other case. 

As shown by the roentgenogram, metastatic lesions of the bone from 
carcinoma of the breast were found most often to be multiple, presenting 
themselves as a single focus in onl)^ one fourth of the cases. The 
majority of the solitary foci were in the vertebrae or femur. Two 
types of metastatic lesions were discussed (osteolytic and osteoplastic). 
The osteolytic form of metastatic deposit appeared to be the more 
common one, and in the long bone both. t)^pes were often found well 
above the average entrance of the nutrient artery in the case of the 
femur and above or below it in the case of the humeius. Mottling 
representing an increase in the density of the bone was often found 
within the areas of destruction, together with thickening of the cortex 
above or below the site of metastasis, and it was pointed out that 
microscopically this proA^ed to be an attempt at osseous repair or i >ro 
ostosis. The pelvis, vertebrae, skull, ribs, scapulae, clavicles and sternum 
showed the same typical medullary involvement as those of the femur 
and humerus. Lack of distortion or bending of the bones was evidence , 
due partlv to the advanced stage of the disease, partly to roen » 
therap}' so frequentl}^ resorted to and partly also to the af,e 
patient ; fracture was therefore the rule. 
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The gross and microscopic pathologic changes in the affected bones 
studied in this laboratory have been described in detail, and abundant 
evidence was found in far'ov of a natural tendenc} of bone to react 
by fibro-ostosis in an effort to protect itself from further invasion and 
to rebuild the part already destroyed (fig. 18). It has also been pointed 
out that following the application of roentgen therapy many of the 
affected bones revealed a sclerosing or healing reaction. 

The differential diagnosis of lesions of the bone from a roentgeno- 
graphic point of view has been discussed. 

Treatment has been emphasized, the patients being divided into three 
groups: (1) those who first had a radical amputation of the breast; 
(2) those who had only simple amputation or local excision; and (3) 
those on whom no operation was performed and who received only 
various forms of palliative treatment. The therapy as outlined was 
based on the clinical experience of Dr. J. C. Bloodgood and Dr. Max 
Kahn. The results obtained from roentgen therapy were relief from 
pain in many iirstances and a definite prolongation of life. Resection 
of the affected part apparently had no effect on the duration of life, but 
gave relief from excruciating pain. 

Sixty-three cases of hypernephroma have been reviewed, and in 
twenty-two instances skeletal metastases were found. The bones usually 
affected, in the order of their frequency, were: humerus, spine, femur, 
pelvis, ribs, bones of the feet, skull and sternum. 

The clinical course has been illustrated by a t}’pical case report. 

Pathologic fracture occurred in ten patients (45.4 per cent) ; six 
times in the femur, three times in the humerus and in one instance mul- 
tiple fractures of the ribs. In one case, spontaneous pathologic fracture 
was the first symptom referable to the disease. 

The lesions of the bone appeared in the roentgenogram either as- 
single or multiple foci, located in one or more bones. Secondary 
deposits were found as a single focus in a long bone in the majority 
of cases (59 per cent). It was pointed out that many of these lesions 
were at the site of the nutrient vessels, as well as in the heads of the 
femur and humerus, together Avith associated metastases of the pehds 
in many cases. Little evidence was found in metastases of the bone 
from hypernephroma of any attempt at fibro-ostosis or formation of 
new bone within the area of destruction. Early involvement was always 
represented by a distinct medullary defect, periosteal changes in the 
roentgenogram being exceptionallv rare. 

Evidence has been presented to substantiate a hematogenous route 
of metastatic invasion. Irradiation alone offered as great a chance for 
the prolongation of life in this group of cases as did surgical interven- 
tion alone or surgical measures combined with roentgen or radium 
therapy. 
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Metastases of bone as seen in the various cases of primary mali<r- 
nant disease in the male and female genital tract have been presented 
in detail. 

Osseous lesions in carcinoma of the prostate were found most fre- 
quently in the pelvic bones, vertebrae and femurs. The patients showed 
obstructive urinary symptoms and enlargement of the prostate at the 
time the metastases were noted, with a subsequent progressive emaciation, 
secondary anemia and excruciating pain in the affected bones. As 
depicted in the roentgenogram, the metastatic lesions in the bones were 
predominantly osteoplastic, a characteristic phenomenon in bony deposits 
from prostatic cancer. On gi'oss examination, these metastatic areas 
were usually white or grayish nodules, surrounded and interspersed by 
a marked healing of the bone. This reaction was found to be quite 
the reverse of that usually seen in other metastatic lesions, and the 
possibility that the invasive powers of the metastatic tumor were of 
such moderate character that the bone was allowed to proliferate with 
sufficent rapidity to keep apace with the invasion of the tumor was set 
forth as an explanation of this phenomenon. Roentgen therapy offered 
relief from pain, but was not effective in eradicating the lesion or in 
greatly prolonging the life of the patient. Resection and amputation 
offered only comfort. 

Malignant disease of the testicle with metastases to bone was found 
to be rare, occurring once in carcinoma of the testicle, and the same 
incidence was found in sarcoma of the testicle. Case reports were given 
to illustrate the clinical course! The x-ray picture revealed a destructive 
type of lesion. In the one case of carcinoma of the testicle with metas- 
tases to bone, roentgen therapy seemed to have prolonged life and to 
have aided the bone in reacting to the tumor growth by recalcification, 
while the patient with sarcoma of the testicle with osseous deposits 
received no definite benefit from irradiation and died in a short time 
following this treatment. 

One example of carcinoma of the bladder with metastases to bone 
has been cited, and its clinical course pointed out. 

Five of eighty-six cases of carcinoma of the uterus showed metastases 
to bone. Two primary tumors were located in the cervix. Clinica y 
varying degrees of pain with disturbance of use in the affected extrc ^ 
ties were common symptoms. The clinical course of the adranc^a 
disease was dominated by secondary invasion of surrounding org< ^ 
The x-ray picture was one of destruction of bone. Treatment pro 
particularly unsatisfactory in this group of cases. 

Two instances of ovarian malignant disease wdth metastases to )one 
were found among sixty -nine such cases in this laboratorj. ast 
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tories have been pi-esented to illustrate the various clinical features and 
ultimate clinical course. Roentgen therapy proved of some benefit in 
one instance. 

Involvement of the bone secondary to a malignant condition of the 
thyroid was found to be of rather frequent occurrence, as presented in 
the literature. 

The clinical course was usually one of progressive emaciation with 
symptoms referable to the bones that were the seat of metastases. 
Respiratory symptoms were often prominent when the gland had invaded 
structures of the neck and mediastinum. The usual microscopic picture 
of an osteolytic type of metastatic lesion was pointed out. Roentgen 
therapy proved to be of little avail. 

Only 7 in a series of 537 patients who were found to have carcinoma 
of the stomach presented metastases to the bone. The frequency of 
involvement of the ribs without metastases to the lungs has been pointed 
out as an illustration of the l)anphatic mode of dissemination. In one 
instance, a pathologic fracture was found at the lower third of the 
right femur. A case report has been presented to illustrate the clinical 
course. An interesting feature of the blood in carcinoma of the stomach 
with metastases to bone has been pointed out, and a case which showed 
this type of blood pictui'e has been reported. 

Other parts of the gastro-intestii'kal tract showed an occasional predi- 
lection for the skeletal system, which included single examples of 
malignant conditions of the esophagus, cecum, sigmoid, rectum, ileum 
and liver. 

Carcinoma of the lung with metastases to bone was found in only 
four patients in a study of twenty-four cases. A wide variety of 
bones were involved, including the lumbar spine, pelvis, ribs and skull. 
Pathologic fracture was found in the ribs in one case on examination. 
The clinical course of the disease revealed nothing unusual and was 
similar to that reported in other metastatic lesions. The x-ray picture 
showed destruction of the bone with slight formation of new bone, 
often within the area of destruction. In one case, relief from pain was 
obtained by excision of the affected bone. Other treatment in this 
group of cases was not recorded. 

Other primary tumors with metastases to bones were melanoma, 
adenoid cystic basal cell carcinoma of the nasopharynx, epithelioma of 
the ear and heel and sarcoma of the soft part in the region of the neck. 

A group of cases with metastases to bone from some undetermined 
malignant condition have been presented, and it was pointed out 
that little could be gained from a detailed analysis of this group, but 
that in many of these cases roentgen therapy gave relief from pain 
for long periods. 
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The modes of metastases have been discussed in detail. The 
analysis of the cases of carcinoma of the breast with metastases to the 
skeletal system together with other groups of primary lesions metastasiz- 
ing to bone was set forth in order to emphasize certain facts with the 
purpose of verifying the mode of metastases which was consistent with 
the data at hand. It has been pointed out that both an embolic and a 
lymphatic mode of involvement were responsible for metastatic lesions 
of the bone, and that the particular circumstances of each case often 
determined the mode of invasion. 
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All cases that present puzzling diagnostic problems are of interest, 
hut this is especial!)' true of cases in which there is known to be an 
abdominal tumor or in which a tumor is found at operation or autopsy. 
To the surgeon, the abdominal tumor is of particular interest. He 
wants to know if it is removable; if so, whether removal will result 
in permanent cure, and whether by the time the diagnosis is made if 
secondary growths have formed in other localities which will make 
cure impossible. It is of intei-est to know whether the tumors are 
primary or secondary to a growth at a distance. It is also of intei'est 
to know whether they represent local manifestations of general disease. 

Because of personal experience, which will form the subject of 
this paper, I venture to discuss, under one title, some observations that 
may seem unrelated except for the fact that an abdominal tumor has 
been present at some stage of the disease. 

The group to be discussed will include : ( 1 ) retroperitoneal lympho- 
blastoma (Hodgkin’s type) (L. E. L.) ; (2) lymphosarcoma, apparently 
originating in the retroperitoneal glands (Miss A.) ; (3) metastatic 
tumors of the retroperitoneal lymph glands following teratoma of the 
testicle (Mr. R.) ; (4) retroperitoneal sarcoma, secondary to sarcoma 
of the thigh (Mr. J. L.), and (5) retroperitoneal sarcoma (J. P.). 

The first case to be presented should be an incentive to attempt 
to interpret symptoms better. A review of this case will certainly 
serve as a shock to any one satisfied with his diagnostic ability, if there 
is such a person. 

The diagnosis was not suspected by any one of the many who saw 
the patient, and I confess that were I to see another such case I could 
not now do more than make a guess at the correct diagnosis. I have 
reviewed the history many times in its entirety and in summary in 
an effort to find something that might lead to an understanding of the 
sequence of events so that others might profit by my lack of diagnostic 
acumen. The end-result is that I am unable to offer manv suggestions 

* Submitted for publication, Jan. 8, 1931. 

* Presented at the meeting of tbe Southern Surgical Association, Lexington 
Ky., Dec. 11, 1930. 
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that might clear up the problem, hence I am presenting it for considera- 
tion by others. 

This case like the others that are reported again proves that the 
abdomen is a mystery box. The autopsy first revealed the retroperi- 
toneal mass which proved to be a lymphoblastoma. One might well 
label this case a diagnostic puzzle since so many problems were presented 
for consideration. When each problem seemed about to be solved, 
another mystery would appear. The physical signs were at no time 
in accord with the symptoms. The patient’s personal experiences and 
convictions were factors that affected his emotions to such an extent 
that it was difficult to evaluate the effects of the disease. 


RETROPERITONEAL LYMPHOBLASTOMA (hODGKIN’s TYPE) 

Case 1. I had an opportunity to observe this patient for six years. My first 
contact was in 1924, at which time he was complaining of digestive disturbances, 
severe abdominal pain, particularly in the right iliac region, sour eructations, nausea, 
vomiting and violent abdominal cramps of short duration. He had had similar 
attacks for twenty years. Ten years before, such an attack persisted for a week. 

A roentgen examination at this time showed a marked pylorospasm and a forty- 
eight hour stasis in the colon. 

An appendectomy was done. A short meso-appendi,x and an appendix that Avas 
curled on itself were found. There was an anomolous peritoneal fold which 
formed a tunnel in which the appendix was hidden from vicAV. 

The postoperative convalescence was stormy, particularly because it Avas nec- 
essary to catheterize the patient for several days. Even after his bladder was 
emptied he had pain which seemed to be out of all proportion to any physical sign. 
He was fearful of pain. 

In November, 1925, he complained of nausea, vomiting and pain which seemed 
to be relieved by food. 

Again in 1926, he complained of nausea before meals. Food Avould satisfy his 
discomfort. He also complained of headaches and dizziness. I could find neither 
physical signs nor roentgen evidence to verify the clinical symptoms which seemed 
to point to a duodenal ulcer. Efforts were made to treat Avhat I believed to be 
evidence of an egocentric syndrome. The patient’s condition improved under rest, 

diversion and sedatives. . . , . 

In December, 1928, he complained of a gnaAving pain in the right st e o is 
abdomen two or three hours after eating. He Avould have pain at nig t a\ ic 
was sufficient to awaken him, fulness after eating and distention. t times 

pain was relieved by eating. . j, 

A visualization test of the gallbladder was done, and a report mg 

bladder disease was receiA'^ed. There Avas no CA'idence of a filling e ec any 
in the gastro-infestinal tract. , , . 

On the belief that the emotions might have something to ° ’ ' 

the patient was referred to Dr. Lemann for corisultation. r. ^ 
impressed with the predominance of emotional disturbances an 

accordingly'^. in the\' became 

In spite of medical treatment, the symptoms persi^ tn investigaf^ 


progressively yvorse. 


As a last resort it was thought necessary' to 


surgically, and a diseased gallbladder was 


found. Cholecystectomy Avas done >n 
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March, 1929; the immediate postoperative course was uneventful. During the 
patient’s convalescence at home, the disease ran a febrile course which was 
remittent in character. The remissions varied between 99 and 103 F. Urination 
was frequent and painful. Pus was found in the urine. Marked loss of weight 
followed an almost complete anorexia. 

As it was thought that cystitis and pyelitis were responsible for some of his 
symptoms, the patient was brought back to Touro Infirmary where Drs. Hume, 
Pratt and Burns examined the genito-urinary tract. Ureteral obstruction was not 
found, and cultures from the ureters were repeatedly negative in spite of the fact 
that pus was found in the urine from the bladder. The urologists suggested that 
there must be some other source of sepsis than the kidneys. 

The leukocyte count varied between 10,250 and 8,500 ; the neutrophils, between 
75 and 85 per cent. Anemia was progressive. Vomiting was persistent. The only 
way fluid could be supplied was by hyperdermoclysis and intravenous infusions. 
Chemical examination of the blood presented neither evidence of an acidosis nor 
alkalosis. At all times the abdomen remained soft. 

Fluoroscopic examination showed that the diaphragm was not elevated and 
both sides seemed to rise and fall normally with respiration. The liver was not 
palpably enlarged. 

From the foregoing evidence we could not believe that a subphrenic abscess, 
perinephric abscess or an abscess of the liver existed. It did not seem plausible 
that any other intraperitoneal condition existed such as a subhepatic abscess 
secondary to the operation or that even an accumulation of the infected bile could be 
responsible for such a condition. This conclusion seemed to be justified because 
I believed that some rigidity and probably a palpable, mass in the hypochondrium 
would have been found if either of the latter conditions had existed. There was 
no jaundice, and the stools were not lacking in color. 

Blood cultures were negative. There was a normal or slightly elevated leuko- 
cyte count. Septicemia did not seem, therefore, to be a likely diagnosis. The chest 
remained free from physical signs that would have been present if an empyema or 
pulmonary condition had been responsible factors. Fluoroscopic examination of the 
chest by Dr. Henderson showed the pulmonary field to be clear. 

On May 2, after all possible causes which could be suggested had been elimi- 
nated, including one which was persistently referred to by one of the consultants 
(multiple abscesses of the kidneys), it was decided, after consultation with Dr. C. 
Jeff Miller, to do an exploratory operation as a last resort to investigate the con- 
ditions about the liver and in the vicinity of the original operative site. Dr. Miller, 
at the consultation, had suggested that there might possibly be a slight puddling in 
the vicinity of the cystic duct or near the head of the pancreas. 

The incision was made in the upper portion of the previous operative wound. 
There were no adhesions between the peritoneum and the liver, and a cavity was 
immediately reached, the lower boundary of which was the stomach, and the upper 
boundary the liver. The suspensory ligament was free from adhesions. 

The liver was large, smooth and red, and evidence of^ abscesses on the surface 
,was not found. The hand could easily be introduced between the liver and the 
diaphragm in either direction. Adhesions were not seen between the dome of 
the diaphragm and the liver. There was only one place in the upper portion of the 
liver that felt more prominent than the remaining portion, and this was near 
the midline. 

The examining hand was then introduced into the cavity; no fluid accumu- 
lation of any kind was found. The stomach was retracted, and we were able to 
see in the depths that there was nothing suggestive of an abscess, Examination 
was made by Dr. Miller, who found nothing abnormal. Both of us noted some 
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infiltration near the midline, but since the stomach was well walled off and the 
gastrohep^ic omentum seemed infiltrated and approximated close to the under 
surface of the liver, no effort was made to break up these adhesions. 

The liver was aspirated but pus was not found. 

The finger was introduced in the foramen of Winslow, and I could feel 
nothing pathologic. 

The operation did not add any positive diagnostic information. A transfusion 
was done at the same time. 

In spite of repeated transfusions and infusions, which were done prior to the 
final exploratory operation, the patient grew steadily worse and died several days 
after operation without sufficient evidence having been found to make any one of 
the many surgeons, internists and urologists who saw the patient even suspect the 
real nature of the disease. 

The critic who may be inclined to wonder why so much discussion 
is indulged in before the presentation of the autopsy record can be 
answered by the outstanding fact that of such men as Matas, C. Jeff 
Miller, Hume, Lemann, Burns, Pratt and others who saw this case 
in consultation with me, not one suspected the true status. If this 
is true, then others may do well to ponder over this history that they 
may profit, if they can, by this sad experience. Had we known the 
diagnosis, it is true that nothing would have been of value; in fact, 
we might have been less hopeful earlier in the case. 

The outstanding autopsy observation included large retroperitoneal glands in 
the vicinity of the stomach, pancreas and duodenum, and an ulcerating lesion 
of the wall of the stomach. All of the lesions were reported by Dr. Lanford to be 
“lymphoblastoma of the lymphosarcoma type” (fig. 2). 

On reviewing these tissues at a later date at my request. Dr. Lanford reported 
that they were lymphoblastoma of the Hodgkin’s type. Specimens of this tissue 
were sent to Dr. Bloodgood for examination. Because of Dr. Bloodgood’s absence. 
Dr. L. Clarence Cohn had sections made, and his report is here appended. 
“Microscopic section showed no germinal centers, no remains of lymphoid archi- 
tecture, a very cellular tumor, little more stroma than in case 2 (i\Iiss A.), and 
many large cells of the Dorothy Reed type. I am inclined to think we are dealing 
with Hodgkin’s disease.” 

Autopsy revealed then a retroperitoneal lymphoblastoma of Hodgkin’s disease. 
There was nothing on which to base such a diagnosis clinically unless one suspects 
every case of unexplained fever, and that would hardly be justified. 

Comment . — ^^Vhen the clinical picture is compared with the implied 
significance of the original laboratory report a contradiction is noted. 
The clinical picture was certainly that of an infection, so much so 
that each one who was consulted in the case sought a source from 
which the infection could have originated. Closer scrutiny of the 
laboratory report, if interpreted in the light of recent discussions in 
the literature, may help. Again, it ma)"^ add to the confusion as there 
are certain terms that have been used interchangeably by some authors 
when discussing diseases of lymphoid structures. 
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Minot and Isaacs remind one; 

Classification leads to clarification and yet confusion arises from sharp distinc- 
tions between conditions that have many resemblances; which may be because 
some of the conditions are but different phases of the same disease. This is the 
state of affairs for those disorders that may be placed under the same general 
heading of lymphoblastoma. 

It is not the purpose to differentiate here the causative factors that 
produce retroperitoneal tumors, but simply to direct attention to the 
presence of such observations. Whether lymphoblastoma, lympho- 
granulomatosis, Hodgkin’s disease or lymphosarcoma are responsible 
for the glandular involvement- is for the moment not my primary con- 
sideration, yet one cannot proceed without discussing some of the 
interesting phases of lymphoblastoma which have been recently dis- 
cussed in the literature. 

From foreign countries, as well as from our own country, there 
seems to be a general tendency to suggest again that lymphoblastoma 
or lymphogranuloma is an infection and not a malignant disease in the 
ordinary accepted significance of the term. 

In 1926, Curtis Burnam stated; 

The disease presents the earmarks of a chronic infection, the neoplastic nature 
of the disease has been almost abandoned and is very rarely referred to in the 
literature. 

Again in 1928, Burnam stated ; 

While it is true lymphosarcoma is a neoplastic, Hodgkin’s disease is an infection 
in all probability. 

In acute Hodgkin’s disease the general symptoms may completely mask the 
picture; this is especially true in the abdominal and intestinal type — ^to such an 
extent that no gland can be found on clinical examination. It is not uncommon 
to meet with patients who have had radiotherapy and who present no glandular 
enlargements and yet show the fever, the weakness, the skin manifestations and 
other symptoms of the disease. In most instances the active trouble is in the retro- 
peritoneal glands, and the failure to find tumor is due solely to our imperfect 
methods of investigation. 

Fever of an irregular type, both as to daily variations and periodicity, is quite 
common in Hodgkin’s disease and is absent in lymphosarcoma except in the last 
stages. The high intermittent fever, sometimes reaching a peak of 106 F., and 
accompanied by chills, and sweats, is particularly distressing. Occasionally in 
general and frequently in intestinal cases the picture suggests typhoid fever. 

In 1929, Ayrosa and Pessoa found a corynebacterium in the 
cultures from histologically verified cases of Hodgkin’s disease, thus 
adding the weight of their investigations to the theory that Hodgkin’s 
disease is an infection. 
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Nee and Cailliau, in 1929, stated: 

Lymphogranulomatosis is truly an infectious process. The disease has neither 
the anatomO'clinical appearance nor the histological substratum of cancer- its 
pseudo-metastases are not destructive like those of cancer and they have all the 
characteristics of an infectious dissemination. 

Does not the quotation from Burnam describe fully the reason for 
our failure to evaluate correctly the symptoms and arrive at a proximate 
diagnosis ? 

While the present case report does not justify a conclusion, such 
an experience when interpreted in the light of the current literature 
leads one to an impression that lymphoblastoma, lymphogranuloma or 
Hodgkin's disease (if those terms are synonymous, and they seem to 
be accepted as such) is an infection. The fact that this disease is 
eventually fatal is not necessaril}^ an argument against an infection. 

Minot and Isaacs expressed the belief that “one of the big problems 
of modern medicine is to unravel the nature of the group of conditions 
that have progressive enlargement of the lymphoid tissue as their most 
prominent features.” 

I leave further discussion and elucidation of this subject to those 
more competent to answer the problems. 

The clinical problems are of interest. How long the glandular 
involvement had been present and what part of the symptoms their 
presence was responsible for cannot be answered. It is bumbling to 
realize that diagnostic measures during life were not of value, and even 
the observations made at autopsy are not conclusive. 

Such a case as the one reported makes it desirable for one to study 
with care the clinical manifestations in those cases in which there is 
known to be retroperitoneal masses with a view to see whether a 
characteristic syndrome exists. After such a study, I have not been 
able to find such a syndrome. 


RETROPERITONEAL LYilPHOSAKCOHA ; CHYLOTHORAX 

Though case 2 will be reported in detail elsewhere, a summary of it 
will be included in this presentation because the clinical and pathologic 
pictures were confused at times with Hodgkin’s disease and because 
the retroperitoneal mass produced obstructive phenomena, ascites, v uc i 
was at first serous and later chylous, chylothorax and edema o 
extremities. 


Case 2.— A woman, 46 years of age, first noticed an enlargement ot e 
in her neck one year before she came to the infirmary. enlarged- 

months, the axillary, inguinal and epitrochlear glands jrrcgu- 

The masses in the glands were discrete and painless. ^ j:„esfjve disturbances, 
lar febrile course. There was progressive loss of weigh , g 
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orthopnea, nausea and vomiting, progressive enlargement of the abdomen and 
extreme weakness. At the first examination, a diagnosis of Hodgkin’s disease 
was suggested. 

The patient was admitted to Touro Infirmary for diagnostic study. The 
Wassermann reaction of the blood proved to be negative. Other examinations 
of the blood revealed a secondary anemia, without a leukocytosis and without a 
marked variation from the normal differential leukocyte count. So far, the results 
of the examinations seemed to eliminate the diagnoses of lymphatic leukemia, 
tuberculosis and syphilis. A biopsy was done, and lymphoblastoma not charac- 
teristic of Hodgkin’s disease was reported. 

As the condition progressed, it was necessary to do repeated paracenteses and 
thoracenteses. The fluid removed from the chest was of a milky consistency, 
and the analysis of this showed it to contain about 1 per cent of fat. A total of 



Fig. 3 (Case 2). — Roentgenogram of the chest. In this case a diagnosis was 
made of retroperitoneal and mediastinal lymphosarcoma ; chylothorax and chylous 
ascites. 


nearly 12,000 cc. of chylous fluid was evacuated from the two pleural cavities 
during the course of the disease (fig. 3). 

At autopsy, enlarged tumors of the lymph gland were found in the mediastinum 
which in some instances were about the size of an English walnut. 

The retroperitoneal lymph nodes were enlarged and matted together and on 
following up the thoracic duct enlarged structures resembling tumor masses were 
found at intervals along its entire course which were pressing on it preventing 
the free flow of fluid. 

The broad ligaments of the pelvis were filled with firm, hard nodules, varying 
in size from that of a small pea to that of a pecan, and which were secondary 
growths. The tubes presented similar nodules. The uterus was also nodular 
presenting secondary growths on its serous surface. The right and left ovaries 
were infiltrated with secondary growths. 
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The spleen was about 1 by 10 by 5 inches (2.5 by 25.4 by 12 7 cm ) The me 
surface showed that the normal tissues had been largely replaced by new erowt 

and the appearance of the spleen was somewhat like that of a cross-section of -i 
bologna sausage. ' 

The right kidney contained small secondary growths. 

The anatomic diagnosis reported by Dr. Lanford was lymphosarcoma, primarily 
in the retroperitoneal lymph nodes, with secondary metastasis to the lymph 
adenomatous structures of the entire body; secondary lymphosarcoma of the 
kidney, and lymphosarcoma of the spleen. 

Blocks of the mediastinal glands and of the spleen were submitted to Dr. Ewing 
and Dr. Bloodgood. 

Dr. Ewing reported on October 6, 1930; “I think that this is a case of lympho- 
sarcoma. Whether it arises on the bases of Hodgkin’s disease, as Dr. Stewart 
thinks, I am unable to state, but I do not find any definite lesions of Hodgkin’s 
disease” (fig. 4). 

A specimen was sent to Dr. Joseph Bloodgood. During his absence his asso- 
ciate, Dr. Clarence Cohn reported the following: “Microscopically, the section 
from the gland showed a lymph gland in which there was no germinal centers. 
The gland was very cellular and there was a great deal less stroma than we usually 
see in Hodgkin’s disease. It was more like the gland of lymphosarcoma. Never- 
theless, there were so many large cells with multiple nuclei suggesting Dorothy 
Reed cells that I would be more inclined to think of Hodgkin’s disease than 
lymphosarcoma. Section from the spleen sfiowed pretty much the same picture 
except perhaps there was a little more stroma and not so many of the large 
multinucleated cells. Nevertheless they were present.” 

Comment . — The retroperitoneal growths in this case were large 
enough and so located that they produced obstructive phenomena; in 
another case, which will be described (case 4), there was a larger 
mass which did not produce edema or ascites. The mass in this case 
was located on the left side. 

In spite of the large size of the retroperitoneal masses, digestive 
disturbances were late manifestations in the case of Miss A. (case 2) ; 
therefore, the size of the mass is not a determining factor in the 
production of this symptom. Location near the celiac plexus may be 
a factor ; such is suggested in the first case of this series. 

Though the clinical syndrome and the tissues grossly rvere totally 
different, there existed confusion in the pathologic changes as well 
as the clinical diagnosis. 

In view of the difficulty which most distinguished pathologists have 
in arriving at a definite diagnosis, there is some excuse for this case 
having been considered Hodgkin’s disease during life. 

RETROPERITONEAL SARCOMA; SARCOMA OF THE THIGH 

The next case to be presented is one in which a known retroperi 
toneal mass existed. This tumor was apparently secondary to a sarcom 
on the outer side of the thigh. 



Fig. 4 (case 2). — Photomicrograph of a section of the tumor. The diagnosis made by Dr. 
John Lanford was lymphosarcoma; by Dr. James Ewing, lymphosarcoma; Dr. L. Clarence Cohn 
was more inclined to think of Hodgkin’s disease than lymphosarcoma. 
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The following report is taken from a record of the history of Touro 
Infirmary : 


^ Case 3.— Mr. J. L., aged 50, was admitted to the infirmary on Jan. 6, 1925 
with a diagnosis of lymphosarcoma of the right thigh with retroperitoneal 
metastasis. The growth on the thigh was excised with the radioknife, and deep 
roentgen therapy was institut^ for the retroperitoneal involvement. 

About five months before ^^mission to the infirmary, the patient noticed a mass 
on the right buttock which rapidly increased in size ; at the same time he noticed a 
swelling in the groin. Other masses had not been found by the patient. 

He did not think that he had lost weight; his appetite was fair; there were 
no digestive discomforts, except that he suffered from constipation. 

Physical examination revealed a fairly well developed and well nourished man. 
The neck was normal. In the right inguinal region there was a mass of glands 
which was elevated, hard and painful to the touch, and probably deep. Above the 
brim of the pelvis one got the impression of a retroperitoneal mass. The inguinal 
glands on the left side were palpable. The liver and spleen were not palpable. 

The entire right lower extremity was larger than the left. 

Rectal examination revealed a mass on the right side. 

On the right thigh there was a mass about 10 by 5 cm., fairly hard, smooth 
and apparently encapsulated. The overlying skin was soft and freely movable 
over the mass. There was limitation of motion of the right knee and hip. Flexion 
of' the knee beyond a right angle was painful. 

A roentgenogram of the pelvis and chest, on Jan. 7, 1925, did not reveal any 
evidence of a pathologic process within the chest, except a marked fibrosis through- 
out both lungs. Metastases to the bone was not found in the pelvis. 

The diagnosis of retroperitoneal lymphosarcoma was made for the following 


reasons : 

The question of lymphatic leukemia seemed to be eliminated because of the 
blood picture which showed a total of 11,500 white cells and of these only 21 per 
cent were lymphocytes. There was a negative Wassermann reaction, and the 
question of carcinoma was considered, but there was no primary lesion which 
we could find that might be considered epithelial in character. A barium sulphate 
enema did not show any evidence of an obstructive lesion in the rectum or 


sigmoid colon. 

Primary carcinoma of the lymph gland was considered, but on account of 
rarity we felt that there was no reason to venture this diagnosis. Hodgkins 
disease was considered. The length of time that the disease had remained 
to the inguinal and iliac glands made a diagnosis of Hodgkin s disease un ue 3 , 
yet we felt that it was not possible to eliminate it without section of one 0 tie 
glands. The mass on the thigh and the finding of the glands suggested t at 
were dealing with lymphosarcoma. Operation confirmed this impression. 

In January, 1925, the growth on the thigh was circumscribed an 
with a radioknife. The growth was still encapsulated ; it had not 
surrounding muscle tissue from which it was readily separate . ic 
presented multiple nodulations on its surface, and through the t m capsu e 
a gray mottled appearance. The interesting feature of the u 0 e proce j. 
the lack of burning from the radioknife. (This note -s niade five and one^hah 

years ago when electrosurgery was a new method m my suture. On 

of the growth, the wound was sutured with interrupted si ^ 

section, the growth presented grossly ° ^ the mass was light 

According to a laboratory report made by Dr. L , jarge 

gray to light yellow in color, firm in consistency and wa P 
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nodules measuring about 2 cm. in diameter, 
there were a large number of blood vessels, 
was made (fig. 5). 


Surrounding the connective tissue, 
A diagnosis of mixed cell sarcoma 


The postoperative treatment consisted of deep roentgen therapy and erysipelas 
and prodigiosus toxins (Coley’s). * 

On February 23, there was no apparent diminution in the size of the retro- 
peritoneal mass. 


The patient was readmitted to the hospital on April 16, 1925, at which time 
he was scarcely able to walk. Beneath the old scar on the right buttock there 
was a firm circumscribed mass which was "fixed" to the deep structures, though 
not adherent nor a part of the bone. 


Examination on April 16 showed a firm, painful swelling in the right inguinal 
region which extended down over the ileum from above the pelvic brim. Masses 
were felt in the abdomen as before. The right leg was larger than the left. There 
was no evidence of pulmonary or cardiac pathologic processes. 

A report on June 8 showed that for the past month the patient had steadily 
grown weaker, and his pain had become more severe. His leg became more and 
more edematous until it was about twice its normal size; the scrotum also was 
markedly edematous and there was evidence of fluid in the abdomen. He was 


getting over 24 minims of erysipelas and prodigiosus toxin (Coley's) with no 
reaction. 


A roentgenogram of the chest taken on June 10 revealed evidence of a large 
metastasis in the lower lobe of the left lung with a beginning metastasis in the 
upper right side. 

The edema of the extremities and respiratory distress progressively increased, 
and the patient died on June 16. 

On opening the abdomen at autopsy, about 4 liters of fluid were found. The 
peritoneum was smooth and glistening. In the mesentery a number of large, 
irregularly lobulated nodules were found. The pelvis was filled with a large, 
irregular, lobulated mass which had invaded the ileum. The large bowel had been 
•infiltrated by the growth. 

■ ’The lymph nodes of the hilus of the left lung showed several large masses 
such as were described in the mesentery. On the pleura, at the posterior axillary 
line on the left, there were three cystic masses varying from 2 to 10 cm. in width. 
These infiltrated the ribs. The spleen was small and firm, and the surface was 
rough. There were small areas of involvement in the liver varying in size. 

The anatomic observations were: sarcoma, primary origin unknown, involving 
the pelvis and the entire gastro-intestinal tract, the liver, the lungs, the pleura, t le 


kidneys and the lumbar vertebrae. 

Microscopic examination by Dr. Lanford showed mixed cell^ sarcoma. 

In Dr. Bloodgood’s absence, Dr. L. Clarence Cohn, his associate,- reported c 
following: “In this section we found a good deal of stroma, which took a am 
stain, and a tumor chiefly of the small round and spindle cell type, t ^ 
different from the tumor of the testicle. The cells did not ,35 

malignant mole. Here and there were multinucleated giant cells. Ihe 
not of the lymph gland type. I would be inclined to think t e tumor 
a sarcoma originating in a bursa, or tumor of a nerve sheati. n 
cases sarcoma metastasized to the glands.” 

The outstanding features of this case were: (1) a S*"®" recurrence of the 
of the right thigh; (2) a metastatic retroperitoneal growth; (3) re^ 
growth on the right thigh; (4) edema of the right eg ^ afd (n ihe 

(6) late metastasis to the lungs; (7) failure of the roentgenogram 
diagnosis even though an opaque enema was given. 
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Comment. ~A\\ of the evidence of a retroperitoneal tumor presented 
by this case were late manifestations, and may be attributed to pressure. 
Such late evidence can hardly be counted on to aid a patient who has 
a growth sufficiently small to be removed surgically. 

RETROPERITONEAL SARCOMA WITHOUT METASTASES 

Case 4.— J. P., a colored man, aged 51, was first seen at Touro Infirmary in the 
gastro-intestinal clinic on Feb. 2, 1930, at which time he complained of pain in 
the epigastrium, vomiting, indigestion, belching and constipation. About one month 
before coming to the clinic he began to suffer with pain in the epigastrium, some- 
times extending to the back. After meals he had a feeling of fulness in the 
stomach which was relieved by belching and vomiting. This vomiting occurred 
about thirty minutes after meals. The pain in the epigastrium, however, did not 
seem to have any reference to meals. The patient’s appetite was fairly good, 
but he forced himself to eat because he had lost 22 pounds (10 Kg.) during the 
last month. 

Physical examination showed a well developed, fairly well nourished man, 
apparently not in any pain and not sick. 

The ribs were prominent with sunken interspaces. There was depression and 
flaring of the lower ribs on the left side. Percussion was hyperresonant. The 
heart was difficult to outline, but the heart sounds were clear. The breath sounds 
were distant. 

The abdomen was slightly distended, and there was some rigidity on the left 
side. There was a mass about 4 inches (10.16 cm.) in width and projecting from 
beneath the ribs on this side. The mass was firm and smooth, dull on percussion 
and occupied about the same position as an enlarged spleen. The mass was mov- 
able on deep inspiration. The liver was not palpable, the upper border of it being 
at the sixth rib. 

The genitals were normal. 

On February 2, a test breakfast revealed the quantity to be 50 cc., chymification, 
good; hjffirochloric acid, 22; total acidity, 44. 

The patient complained of rather acute pain in the left lumbar region. On 
aspiration of this region with a 21 gage needle, a small amount of serosanguinous 
fluid was obtained. The tumor mass was apparently fluctuant. 

On Februarj' 27, examination showed that the mass was apparently enlarging 
fast enough to be perceptible from day to day. Enlargement of the spleen was 
suggested by a superficial mass with a rounded edge, moving with respiration, 
projecting from under the left ninth rib, and having a smooth surface. There 
was a projecting mass in the loin with dulness and apparent fluctuation, suggesting 
the kidne 3 % The genito-urinary department found general enlargement of the 
prostate. Stasis was not noted in either kidnej'. The Wassermann reaction was 
negative. The feces and urine were negative. 

Roentgen examination reported by Dr. Henderson (fig. 6) revealed the fol- 
lowing ; The kidney on the right side was not identifiable, but an opaque catheter 
was passed up into the pelvis of this kidnej'. On the left, the ureter passed 
upward to the upper level of the sacro-iliac sj-nchondrosis, from which point it 
passed inward to rest anterior to the spine. The pelvis of the kidney was resting 
anterior to the spinal shadow, and was exhibiting hj'dronephrosis. Lying to the 
left side of the kidney was a large retroperitoneal mass which was not springiiw 
from the kidney, but was displacing the kidney by pressure. Aside from the hydro- 
nephrosis visible, evidence of a pathologic process could not be made out in the 
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kidney, ureter and bladder, and the tvoe of xvh.Vt, a- t • 

could not be definitely determined. Retroperitoneal sarcomaitowver ' S 
considered as most likely. uwever, must be 

On March 3, following a barium sulphate enema ffip- 71 
was done. Dr Henderson made the ^I^rnrr^p'o^ : ts 

lack of haustral markings^ in the distal transverse and entire descending colot 

^ wall tube, and a moderate amount of 

d atation had occurred. In addition, there was an alteration in the general dis- 
tribution of this bowel, the transverse colon resting far down in the pelvis the 
splenic flexure resting unusually high up, and there rvas an alteration of its normal 
geographic location which was believed to have been occasioned by some rotation, 



Fig, 6 (Case 4). — Roentgenogram after pyelography. 


In the distal transverse colon about 10 cm. proximal to the splenic flexure an 
infiltrative lesion could be observed in the wall of the bowel which was part> 
narrowing and constricting this, but from one side only. The infiltrative type o 
lesion, the lack of complete encircling of the colon and the alteration in the laus ra 
markings distal to the lesion placed this in the inflammatory class. .-((arv 

On March 11, I noted that the left side of the abdomen- and the axi 
region presented a. number -of small'pigmentedareas. There' was a oss ° 
metry in the chest. The lower costal 'margin was elevated sharp y at e „ ^ 
rib. This caused i the costal -margin on the left to be above the rig ^ 
was a bulging in the left lumbar region. The left side o t e ^ 
distinctly more prominent than the right side which ^emed o ^ 
soft; there was some rigidity in the upper segment. Below the umbilicus 
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left side the abdomen was soft; above the umbilicus there was a hard nodular 
movable mass the edge of which was distinctly palpable about HA inches below 
the costal margin. There was a circumscribed bulging in the left posterior 
scapular line but no fulness at the costovertebral angle, I suggested a fluoroscopic 
examination to see if the diaphragm \ras elevated on the left side, and if the mass 
moved ; also a complete examination of the blood. I believe that the mass was the 
spleen, but just what the nature of the splenic enlargement was and what the 
underlying cause remained to be determined. 

On March 17, the platelet count showed 275,000 platelets per cubic millimeter 
(Liles). Examination of the blood showed: total red cells, 3,460,000; hemo- 
globin, 70 per cent ; color index, 1 ; total white count, 13,500 ; small lymphocytes, 
19; large lymphocytes, 0; neutrophils, 81; eosinophils, 0; basophils. 0. 



Fig. 7 (Case 4). — Roentgenogram taken after a test meal of barium sulphate. 
A diagnosis of retroperitoneal sarcoma was made. 

Operation was performed on March 10. The preoperative diagnosis was : 
(1) splenomegaly of unknown origin and (2) retroperitoneal sarcoma; the post- 
operative diagnosis: inoperable retroperitoneal sarcoma. 

An incision was made in the left rectus muscle. Free fluid was not found in 
the peritoneal cavity. A large lobulated mass was found occupying the entire 
left side of the abdomen with the bowel overriding and closely attached to the 
lateral wall. The stomach was adherent to the right side of the mass. The vessels 
which covered the mass were greatly dilated. The glands in the mesentery were 
a reddish color and looked like large “dots” on a veil. Exploration revealed a small 
spleen riding on top of the mass, which was fixed posteriorly to the abdominal 
wall. It was decided to remove only a small gland. The liver was large, but 
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there was no evidence of metastasis to the liver. After examination, we felt that 
any further procedure would result fatally. 

Autopsy was performed on August 9. The body was that of a well developed, 
poorly nourished Negro man measuring about 5 feet, 10 inches (177.8 cm.) and 
weighing about 115 pounds (52.1 Kg.). The trunk was distorted by a large tumor 
mass situated on the left side which had pushed up the lower portion of the 
thoracic cavity and partly obliterated the left peritoneal cavity. . There was a healed 
surgical scar over this area. 

The left abdominal cavity was largely obliterated, being entirely occupied by a 
tumor mass which was covered by the peritoneum and had pushed the intestines 
to the right and elevated the left thoracic wall. The splenic flexure and descending 
colon and also the pancreas and the spleen were adherent to the peritoneum over 
the tumor mass. 

The lungs for the most part were crepitant throughout and grayish, and con- 
tained many areas of black pigment. The apex of both lungs showed scar tissue, 
and in the left lung were a number of irregular areas showing caseation, some 
of which show deposits of lime salts. Evidence of new growth either in the 
mediastinum or in either lung was not found. 

The liver was rather small and firm and slightly nutmeg in appearance. 

The gallbladder contained a small amount of bile but was not distorted. 

The spleen did not show any evidence of a growth. 

The right suprarenal gland was normal and the left was encapsulated in the 
tissue around the tumor mass and showed no gross evidence of a pathologic process. 

The right kidney was covered with fairly adherent perirenal tissue containing 
some fluid. It was not increased in size and on section showed a normal contrast 
between the cortex and medulla. The left kidney was encapsulated in the new 
growth. 

The new growth was rather oval in shape measuring about IS inches (37.54 
cm.) in one diameter and 12 inches (30.48 cm.) in the other. It was situated 
entirely in the retroperitoneal space and was adherent to the peritoneum, the dia- 
phragm and the posterior and lateral abdominal walls and had partly infiltrated into 
the posterior border of the kidney while over its anterior surface was stretched the 
suprarenal and pancreas, the splenic flexure of the colon and sigmoid, and the 
spleen. The tumor was of a brainlike appearance, and the consistency of the vhoe 
mass was semifluctuating. On sectioning, it offered no increased resistance to 
the knife and presented a cut surface that resembled very much that o tie 
brain, being relatively uniform and showing a number of areas of necrosis. 


of the necrotic areas had liquefied. j,. 

Anatomic diagnosis made by Dr. Lanford was retroperitoneal sarcoma S- 
Dr. L. Clarence Cohn, associate of Dr. Joseph Bloodgood, during the a 
absence, reported the following ; “Here the stroma predominated , , 

other words, there was a great deal more of intercellular substance. le ce ‘ = 
were of the large round type. This section did not suggest f tu/lvmnho- 
or lymphosarcoma, but rather a primary retroperitoneal sarcoma no o 
sarcoma type, but more like a fascial sarcoma. :« the 

The oulsta„ci:ng features of this case were: 1. A I'”, * 

left side of the abdomen which was movable with respiration. • 
the clinical diagnosis of a splenomegaly of undetermine Roentgen 

3. Epigastric symptoms caused the patient to come un er o sen a 
diagnosis proved to be the most accurate preoperatne e\- ^ bniph 

5. Emaciation was progressive. 6. At autopsy, there were no e.xtrcniitie-' 

glands or other organs. 7. There were no ascites. . '(om 
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was not present. The lack of edema may easily be explained by the fact t})at the 
mass was on the left side and did not interfere in any way with the lymph or 
venous return. ^ ^ 


TERATOMA OF TESTICLE; RETROPERITONEAL METASTASES 

In the following case of retroperitoneal metastases from an original 
teratoma of the testicle, the patient presented as the outstanding dis- 
turbance digestive symptoms for which he was referred by the urologist 
who operated on him originally to Dr. S. K. Simon, a gastro-enterolo- 
gist. It was through the courtesy of Dr. Simon that I had the oppor- 
tunity to see this patient. 

In Order to do justice to many interesting features of the case, 
an outline of the history will be appended and a discussion of other 
cases of teratoma in which results were more fortunate will be included. 

Three cases of teratoma of the testicle have come under my observa- 
tions. In one, operation had been done nine months before, and a retro- 
peritoneal metastasis had already developed. I performed the operation 
in two cases, and the patients are living and apparently well five and 
two years after operation, respectively. 

The case with metastases is of interest, especially in connection with 
other cases included in this report. The other two are of interest 
because of the apparently excellent outlook to date. The general topic 
of teratoma will not be gone into in detail because there are so many 
excellent reports of large series by Hinman, Coley, Dean, Tanner, 
Chevasau and others. 

In view of the statement of Tanner, that the average mortality 
based on four years postoperative period was 80 per cent, cases m 
which the patients survive that period should be recorded. 


Case S. — Mr. O. R., aged 32, was admitted to Touro Infirmary on Sept. 23, 
1925, to the service of Dr. S. K. Simon. The patient’s chief complaint was p3>n 
in the lower part of the abdomen. In January, 1925, he had been operated on or 
teratoma of the testicle. In June, 1925, he began to lose weight. During t ^ 
months preceding his admission to the hospital, he had lost 25 pounds ( . S- • 
His weakness had been progressive, and at the time of his admission was ^trem^ 

About twenty minutes after taking food he would be nauseate^ an vow 
for relief. This progressed to the point that he could hardly retain any 
The abdominal pain was sharp and was located particularly in t ® ® 
quadrant. The patient noticed a mass in his abdomen, for the treatmen 
deep roentgen therapy was instituted. , . , , ... 

The notes from his record state at the time of his f 
fairly well developed but poorly nourished. _ Examination o e g 
showed the cervical, epitrochlear and inguinal glands pa J’ ^ pathologic 
Examination of the chest failed to reveal evidence o an i ^ 

process. The abdomen was flat, symmetrical and muscu ar. A 
lemon just to the left of the vertebral column was pa pa e. gfjachments. 

to be slightly movable, and it ivas noted that it apparent j 
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During the time that the patient was under the observation of Dr. Simon on 
the gastro-intestinal service from September 23 to October 16, a gastro-intestmal 
series and other clinical investigations were done to determine if there was any 
intrinsic gastric lesion. The roentgen report made on November 4 by Dr. Hen- 
derson was extremely interesting. The chest showed no evidence of metastatic 
involvement or other pathologic process. The stomach filled quite well, with no 
intrinsic filling defects. The peristalsis and motility were considered normal. The 
stomach itself was quite large and atonic. The pylorus was freely patent, and 
the food, by manipulation, could be forced through the pylorus along the bulb 
quite well. The second portion of the duodenum described a wide circle and was 
markedly dilated and as the food arrived at the lower portion, evidence of obstruc- 
tion was observed, the meal banking up at this location and being regurgitated 
into the stomach. An impression was gained of an extrinsic pressure. The six 
hour observation showed the stomach retaining approximately one-half the meal 
with no barium sulphate in the small bowel. The twenty-four hour observation 
showed the meal in the ascending and proximal transverse colon ; no filling defect 
was observed, and the transverse colon was lying well down in the pelvis. The 
thirty hour observation showed the meal largely having passed from the body, 
some islands of barium sulphate still remaining in the ascending colon and the 
proximal transverse colon. 

The conclusions made were that there was no pathologic process intrinsic to 
the gastro-intestinal tube. The stomach was atonic and dilated. The obstruction 
at the second portion of the duodenum was considered external (fig. 9). 

The roentgen observations are of particular significance from a diag- 
nostic standpoint. While one might not be so fortunate as to find 
such definite evidence of extrinsic causes for obstruction in other 
obscure cases of abdominal disease, such an investigation should not 
be overlooked. 

During this period the patient also complained of pain after eating, which at 
times radiated to his scapula. At times he had hiccups. There was no gastric 
retention. 

On October 16, the patient was referred to me for surgical consultation and 
the following was noted: The abdomen was soft in the lower segments. The 
inguinal glands were not enlarged. The iliac group could not be palpated through 
the abdominal wall on either side. Rectal examination did not reveal any mass of 
retroperitoneal glands. To the left of the vertebral column on a line wdth the 
umbilicus, there was a firm mass approximately 4 by 2 cm. which was nodular 
and freely movable. 

Before recommending erysipelas and prodigiosus toxins (Coley’s) or massive 
radiation therapy, we wanted to see some roentgenograms. Presumptive evidence 
suggested metastasis, yet the mobility of the mass made one hesitate to make such a 
diagnosis. In view of the foregoing evidence, I believed an exploratory laparotomy 
to be indicated. 

On October 21, the following operation was done: A high paramedian incision 
was made on the left side, and the rectus sheath opened; the rectus muscle was 
retracted outward. When the peritoneum was opened, the stomach was found to 
be normal and the pylorus patulous; the gallbladder was soft, translucent and 
emptied easily. The liver was smooth. No adhesions were found. 

On the left of the umbilicus and below it lying on the aorta, behind the peri- 
toneum, there was a chain of movable nodular masses; they were of unequal 
size, the largest being about 1 inch (2.5 cm.) in diameter. These masses moved 
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with the pulsations of the aorta. The lower limit of the palpable masses was the 
bifurcation of the aorta. It was evident then that the condition was a metastatic 
growth in the lumbar lymph nodes, following teratoma of the left testicle. I did 
not feel justified in attempting to remove them. 

On November 2, the administration of Coley’s toxins was starteel. The first 
reaction was noted November 10. The patient continued under treatment, and the 
mass apparently diminished in size. He was discharged from the hospital on 
November 14 to return to the clinic for the administration of the toxins. 

On July 19, 1926, he was readmitted to the hospital. In the interim he had 
lost weight. He was very weak and, his general appearance was that of a severe 



Fig, 9 (Case 5). — Roentgenogram of the stomach and duodenum after a tcs 
meal of barium sulphate. According to Dr. Henderson s report the s^^n 
tion of the duodenum described a wide circle and was marked y i a e ' ^ 
food arrived at the portion, evidence of obstruction was observe , t le mea 
ing up at this location and being regurgitated into the stomach. . 

impression was gained of an extrinsic pressure. A diagnosis was o ere 
peritoneal metastasis from teratoma of the testicle. 

secondary anemia. On examination, we found a mass the 
located above the clavicle to the left of the sternoc avicu ar ^ jight-colorcd 

dently was a metastasis to Ewald’s gland, There rvas a is ^ 

stools, nausea and vomiting. There was a palpable m^s ^ ° g; , ,t,c 

egg inst above and to the right of the nmbd.cns. J, „„,e 

iSression of being attached to the liver, but seemed to be conncete 

structure below the liver. 
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Dulness was found posteriorly over a triangle having its vertex in the midlme 
about the level of the lower angle of the scapula and its base about the level of the 
costal margins. The breath sounds and fremitus were diminished over this area. 

There was a faint diastolic murmur over the third space at the left border 
of the sternum, and slight enlargement of the heart downward. 

At this time another 5,400 mg. hours of radiation was given over the mass in 
the epigastrium. 

Roentgen examination, made by Dr. Henderson, showed that the diaphragm 
was smoothly contoured; the cardiac and great vessel shadows were not increased: 
the thoracic cage was bilaterally sj-^mmetrical. The pulmonary fields were free 
from metastasis or other types of lesions. An observation of unusual interest was 
that a large oval shadow was observed behind the heart overlying the spine; the 
exact nature of this could not be determined from the roentgenogram of the chest, 
and it was recommended that this patient return for further study. 

It was finally decided that this was a mediastinal growth as fluoroscopy failed 
to reveal an expansile pulsation in the mass. 

The patient was again admitted to the hospital on September 11, at which 
time radium was applied to the abdomen, 5,400 mg. hours. The supraclavicular 
glands were still enlarged. The patient was discharged on October 4 and died 
November 7 at the Charity Hospital. The family refused to grant permission 
for autopsy. 

Case 6. — Mr. J. B., a white man, aged 28, during April, 1925, noticed an 
enlargement of the left testicle. There was no history of either an injury or 
venereal infection. After consulting several surgeons, the patient came under 
my observation. 

On initial e.xamination, I found that the left testicle was about inches 
(6.27 cm.) in its long axis. It was hard and freely movable; the epididymis was 
not enlarged, and the testicle was not adherent to the scrotum. Palpation did 
not cause pain. 

Operation was performed on May 1. An incision was made over the upper 
portion of the scrotum and the inguinal canal. As soon as the tunica was 
incised, about 1^ ounces of translucent bloody fluid was evacuated. The tumor 
was about 2 inches (5 cm.) in length, elliptical and solid; the epidid 3 'mis was 
closely adherent to the testis. Nodules could not be palpated in the globus major 
or minor. The testicle was smooth and had a grayish appearance. The apon- 
eurosis of the external oblique was split, and the vas followed up to the internal 
ring, ligated high, then dropped back. The spermatic vessels were ligated high. 
No glands were palpable in the retroperitoneal space. A specimen was given to 
Dr. Lanford for rush diagnosis and study. He reported at the table a highly 
cellular growth but was not able to state the exact nature of the tumor. 

The laboratory report made by Dr. Lanford follows; The specimen consisted 
of the testicle, epididymis, vas deferens and surrounding tissue,' and tunica 
vaginalis. The testis measured 6 cm. in length and 4 b%' 3 cm. It was covered by 
a smooth and glistening light pink membrane in which ran the blood vessels, 
wiiicii were congested and tortuous. An incision had been made through the 
testicle and showed a cut surface offering moderate resistance to the knife, light 
pink in color, homogenous, smooth and glistening. The general appearance was 
tliat of a new growth, rather firm in consistency, with edges that were rounded 
and slightly more hemorrhagic than the center. The epididymis and vas presented 
nothing abnormal. .Aiother specimen measured 8 by 3 by 0.5 cm., and consisted 
of the vas deferens and spermatic artery with a large amount of adherent tissue. 
It presented nothing abnormal. A diagnosis of sarcoma of the testicle was made' 
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A second study of the specimen was made and the following report submitted 
• The sections from other areas of the testicle showed a sli<Thtlv 
different picture from the first examination, and with the use of special stains 
the predominating cell was found to be epithelial, and, therefore, the condition 
was most probably made up of several types of structures such as one sees in 
teratomas of the testicle. The component cells were very embryonal showing 
many mitotic figures, and while some effort was made to arrange themselves in 
groups, the stroma was very scanty (figs, 10 and 11), 


After the operation, I corresponded with Dr. William B. Coley with refer- 
ence to any suggestions he would make regarding the after-care. He suggested 
radium packs and prophylactic treatment with toxins for several months. 

On June 8, radium packs were applied over the left iliac region and the left 
lumbar region, for a total of 5,400 mg. hours. Erysipelas and prodigiosus toxins 
(Coley's) were given in increasing doses. 

On July 16, the patient's general appearance was excellent. He consulted 
Dr. Matas in New Orleans and later went to see Dr. Coley in New York. In a 
personal communication, dated July 9, 1925, Dr. Coley stated that he found him 
in splendid physical condition. 


The specimen was examined by Dr. Ewing for Dr. Coley, and his report 
coincided with that of Dr. Lanford, that the tumor was a teratoma. 

A specimen was sent to Dr. Joseph Bloodgood, and during his absence. Dr. 
L. Clarence Cohn, his associate, reported the following: “In this case also, I 
would be more inclined to think we are dealing with an embryonic carcinoma of 
the testicle rather than a teratoma. In addition to the tumor, we saw normal 
testicle. The tumor was again of the very cellular large round cell type and 
there was no evidence of cartilage or myxoma.” 

At the present time, five years and three months since the operation, the 
patient is apparently in the best of health and presents no evidence of a recurrence, 


Case 7. — Examination of the abdomen of Mr. A. R. did not reveal any masses, 
pain, tenderness or rigidity. Examination of the genitals revealed the right testicle 
to be swollen, tender and hard to the touch. It measured about 10 cm. in diam- 
eter; the skin was not adherent or red. 

The following operation was done: Incision was made from about the middle 
of the scrotum upward over the inguinal canal. The aponeurosis of the externa 
oblique was incised; the cord was separated from the surrounding tissues, ligate 
high, doubly transfixed, and the vas ligated independent of the vessel. Tlien t ic 
testicle was removed with the cord in toto. , 

The following laboratory report was made by Dr. Lanford. We reccue 
oval mass of tissue which measured about 8.5 by 5 by 4 cm. The mass was a 
firm and nodular being composed of varying sized ovoid masses, ^ , 

nected, ranging in size from that of a sparrows egg to that o a 
egg. The outer surface of the mass was covered by a loose rather roug 
ing, pale pink membrane which slid loosely over the growti. ntafned a 

mass and the irregular mass there appeared an open space wnc i co 
small amount of straw-colored fluid. The irregular ,.*^roat through 

with a rather thick, fibrous, glistening white to pale pm is ye \ e-Jobus 

which a few tortuous blood vessels could be seen. In t ^ t;,e 

minor, there was a small deposit of fatty tissue an offered mod- 

size of a pea filled with straw-colored fluid. Sec ion in o 

erate resistance, and there appeared a moist, lo u ar sur irregularly 

pale pinkish cream in color and cellular. There were a ' rounded 

Ltlined, yellowish areas of necrosis and near the lower pole there 
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Fig. 14 (Case 7).— High power 


,,,, magnification of the tumor in case 7. 
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area about 2.5 cm. in diameter, gray to dark red and apparently even more cellular 
than the other region. 

A diagnosis of teratoma was offered by Dr. Lanford. The sections showed 
many round embryonal cells making but little effort to differentiate, although there 
were suggestions of glandular structure (teratoma, figs. 12, 13 and 14). 

During Dr. Bloodgood’s absence. Dr. L. Clarence Cohn, his associate, 
reported : “Section shows a very cellular tumor in which the cells are arranged 
chiefly in large clumps and are of the large round, cell type. I see no evidence 
of cartilage or myxoma or anything that would lead us to a diagnosis of tera- 
toma. Therefore, we are placing this tumor under embryonic carcinoma of the 
testicle.” 

On June 7, 220 mg. of radium was applied on the right side of the abdomen and 
the right lumbar region for twenty-four hours. 

On June 8, Coley’s toxins, 1 minim in 5 minims of freshly distilled water, 
were given and daily increasing doses were to be given until a reaction was 
obtained, after which toxins were to be given every other Aay for three months. 

The patient continued to receive toxins. When last seen he had no evidence 
of a recurrence. The social service reported that in July, 1930, he was working 
every day and feeling fine. 

Comment . — These three cases are too few on which to base any 
conclusions. They are worthy of comment, however, because the treat- 
ment followed certain definite impressions gained through experience 
and evaluation of the literature. 

In the first place, surgeons must not become enthusiastic for a 
radical operative procedure because of statistical results based on the 
experience of a few masters who have devoted many years to the 
perfection of their own technic. I wish to call attention to the enthu- 
siasm of Lane for colectomy and for immediate operation for simple 
fracture ; of Young’s enthusiasm for perineal prostatectomy and of 
Finsterer’s enthusiasm for gastrectomy in duodenal ulcers, and last, 
but not least, of the well known Wertheim operation for carcinoma of 
the uterus which may well be compared to the radical operation for 
teratoma as advocated by Chevassu and Hinman in this country. 

Most of these procedures have not been accepted and some of them 
have been entirely discarded, not because of anything inherently wrong, 
but the magnitude of the procedure did not seem justified for genera 
adoption. Dissatisfaction with routine procedures leads men 
new methods which, though they are associated with greater morta Jty, 

seem to result in higher percentages of cures. _ 

The radical operation for teratoma seems logical because its o je 
is to' remove along with the involved elements the tymph glan s 
receive drainage from the diseased areas. I believe that this is 
tiallv the reason that made Hinman advocate radical " 

includes removal of the retroperitoneal glands by the abdomma 
in teratoma of the testicle. He has collected seventy 

radical operation has been done; ten were personal cases. 1 
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operative mortality for the series according to Hinman was 12.6 per 
cent. Twenty-four patients died of metastases, and six more were 
known to be living at the time of the report with metastases. According 
to Hinman, the great majority of those who died of metastases died 
within one year. He further observed that in cases in which metastases 
is palpable the condition is inoperable; in addition to this, he says 
that in twenty-five cases-in which radical operation was performed and 
in which there was no microscopic evidence of metastases in the glands, 
eight of the patients died later of “postoperative metastases.” 

One of his conclusions from this last observation should be carefully 
noted by any surgeon attempting the operation. “Postoperative metas- 
tases to the same lymph-bearing area clearly indicates that the original 
operation rather than being unnecessary, because of failure to find 
metastases, was insufficientty radical.” Analysis of the foregoing state- 
ment is essential. 

A primary mortality of 12.6 per cent is staggering to say the least; 
and that is not the mortality rate that the average surgeon would 
have. I fear that it would be more nearly 25 per cent if this procedure 
were attempted by the surgeon who removes an appendix or gallbladder 
with facility. It is also true that an attempt to remove the retroperi- 
toneal glands high up on the aorta is likely to make an otherwise 
bold surgeon rather timid. Experience in radical operations on the 
breast where one is working in an easily accessible area proves the 
incompleteness of the removal of the entire lymph gland-bearing area. 
Further, if one succeeds in removing all of the apparent gland-bearing 
tissue, the eight cases cited by Hinman in which the patient died of 
postoperative metastases, indicate the difficulties incident to recognizing 
and removing all of the tissue necessary for the operation to be 
considered radical. Even then one cannot feel safe. 

If embryology is to be considered, one should not forget that the 
abdominal lymph channels find their way above the diaphragm to 
the mediastinal glands and later by the receptaculum chyli to the h-mph 
glands in the supraclavicular fossae and even into the blood stream. 
According to Dean, the left supraclavicular glands are involved in 14 
per cent of the cases, and the mediastinal in 6 per cent. 

By what token can one be sure that these mediastinal glands are 
not already involved even though there is no roentgen evidence nor 
palpable enlargement of the supraclavicular glands when operation is 
undertaken? “Hope springs eternal in the human breast.” 

Coley expressed the belief that the “number of cures is not suffi- 
ciently increased by radical operation or removal of retroperitoneal 
glands to warrant the very considerable risk of such an operation.” 
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His observation was based on seventy-eight personal cases of malignant 
diseases of the testicle. 

Because high ligation and castration followed by massive doses of 
radium and erysipelas and prodigiosus toxins (Coley’s) offers some 
hope for cure without the appalling primary mortality of 12.6 per 
cent, and probably greater in my hands, I have been led to use the 
combination, and I must say that I am not sorry. 

The patient who presented himself with a retroperitoneal metastases 
lived nearly two years with a known metastases, during which time, 
apparently as a result of treatment, he showed marked regressions in 
the size of the mass. At no time did he present edema or ascites. 
This is attributable to the location of the metastasis. The extent of 
the metastases to the mediastinal and supraclavicular glands indicate 
to my mind that in this case a so-called radical operation would not 
have prevented the dissemination beyond the diaphragm which would 
eventually have caused his death. The clinical syndrome that character- 
ized this case included intense abdominal pain, digestive disturbances, 
emaciation, and the roentgen evidence of extrinsic obstructive phe- 
nomena. 

The other two cases in which the patients have so far remained 
well, two and five years, respectively, are of interest because the 
treatment consisted of orchidectomy with high ligation followed by 
applications of radium (over the abdomen and lumbar region) and the 
persistent use of toxins. The plan of treatment needs no defense at 
my hands. I am taking this opportunity to add my word of confidence 
in the toxins. Coley’s personal results are convincing. 

In the beginning of the paper, it seemed to me that it would be 
necessary to apologize for presenting together a group of cases such 
as are here included. 

Retroperitoneal tumors were discussed before the Southern Surgical 
Association in 1897 hy Dr. Richard Douglas of Nashville. At that 
time he called attention to the fact that in 1889, Rogowski had collecte 
tw'enty cases of solid retroperitoneal tumors. Each of these were 
histologically sarcoma. 

Van der Veer, in 1892, discussed the subject of retroperitoneal 
tumors before the American Surgical Association. 

The rarity of retroperitoneal tumor may be more apparent t an 
real. One is aptly reminded by Hertzler, “Whenever one is con ron 
with a condition the diagnosis of which is exceedingly | 

its treatment is fraught with difficulty or disaster, it is more 
probable that the number of cases that are reported ^ \ » 

uncertain relation to the number of cases that actua y are ° 

Few men take any great pleasure in reporting a case in w ic i a 
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was wrong and the treatment was a failure. When one has made a 
blunder and never finds out just what happened, this makes a poor text 
for a paper. 

I found further reason for grouping these cases together for differ- 
ential diagnostic purposes in some of the frank statements of men like 
Hertzler. He recorded one case in which a patient 23 years of age 
presented himself with a tumor extending from the costal margin to 
the false pelvis. The tumor was irregular in outline, firm and elastic. 
A diagnosis of hypernephroma had been made by another surgeon fol- 
lowing an exploratory incision. Hertzler’s own diagnosis was retro- 
peritoneal sarcoma, but operation rvas not done by him. 

At autopsy, he recorded finding a primary nodule in the left 
testicle, which proved that the tumor was probably a metastasis from 
teratoma of the testicle. In his case the confusion of metastasis from 
a teratoma with a hypernephroma is rather comforting, since in one 
of the cases presented here a retroperitoneal sarcoma was mistaken 
for a splenomegaly of unknown origin. 

My primary object of tr 3 dng to find diagnostic evidence has led 
to a review of the observations of previous contributors to this subject 
with reference to manifestations that were present in other cases. 

Douglas stated; 

The patients exhibit a pronounced constitutional disturbance. The usual size 
of the tumor and its location give rise to disturbance of digestion and respiration. 
The kidneys are frequently displaced and the l}Tnphatics of the digestive tract 
are partially obstructed consequently the patients are usually emaciated, not 
infrequently have nausea and vomiting and a pronounced cachexia is developed. 
The tumors are usually asymmetrical. Contrary to what one would suppose 
these tumors are sometimes decidedly influenced by respiration. 

It was this last manifestation, described by Douglas as long ago 
as 1897, which influenced me to make the diagnosis of a splenic enlarge- 
ment rather than a retroperitoneal mass in the case of J. P. The tumor 
mass in his case extended well below the umbilicus on the left side, 
was firm, nodular and moved with respiration. This movement with 
respiration seemed to be confirmed by fluoroscopic examination. No 
one has yet improved on Douglas’ description. 

A diagnostic manifestation of considerable importance is the rela- 
tionship of the bowel to the tumor. Hertzler and others called attention 
to the fact that the “chief point in determining the retroperitoneal 
character of any tumor is the determination of its relation to the colon.” 
The colon should be in front or displaced to the side by the tumor. 
This relationship should be determined by roentgen evidence shown bv 
an opaque meal. 
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is generally conceded that retroperitoneal tumors present less 
mobility than intraperitoneal tumors, though both intraperitoneal 
and retroperitoneal tumors present roentgen evidence that suggests 
extrinsic obstiuction of the bowel rather than intrinsic manifestations. 
The more one studies such cases the greater the difficulty in accurate 
differential diagnosis seems to be. 

Just a word in connection with the surgical treatment for these 
cases. A paragraph taken from Douglas’ paper written in 1897 \^ery 
well summarizes what might be taken to be the present status : 

According to Mr. Cripps, they (retroperitoneal sarcoma) do not recur when 
removed. I think the speaker was very safe in making this assertion, inasmuch 
as about 95% of the patients die from the operation or before it. 


SUMMARY AND CONCLUSIONS 


1. This report includes reti'operitoneal masses which were apparently 
primary new growths ; some that were metastatic new growths and 
others corresponded in pathologic signs to the clinical picture which is 
labeled Hodgkin’s disease. 

2. Retroperitoneal masses may be present and yet remain undetectable 
during life by any available diagnostic methods. 

3. The roentgen evidence of extrinsic obstructive intestinal phe- 
nomena is interesting and diagnostic when present, but the absence of 
such a sign is by no means acceptable as evidence that a retroperitoneal 
growth does not exist. 

4. Retroperitoneal tumors sometimes move with respiration, thus 
making it difficult, if the mass is on the left side, to eliminate 


splenomegalia. 

5. The symptoms caused by a retroperitoneal growth are dependent 
on the location of the growth. Proximity to the celiac plexus causes 
digestive phenomena, whereas growths even of larger size in other 
locations may not cause digestive disturbances. Digestive disturbances 
are not diagnostic as they are present in so many conditions other than 
retroperitoneal tumors. 

6. Anemia is present in many cases of retroperitoneal growths, but 
is not to be relied on as a diagnostic phenomena. 

7. Anemia and digestive disturbances may mislead one to treat 
patient for an entirely different condition. 

8. Edema of the extremities and ascites are present when the groa n 
is large and when it is so situated as to interfere witi tie 
return. A growth situated on the right side readily pro uces 
whereas a large growth on the left side may not be associa 
edema of the lower extremities or ascites. 
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9. Retroperitoneal masses may be associated with chylous ascites 
and chylous pleural effusions. 

10. Retroperitoneal sarcomas may be primary and productive of 
metastases. Other retroperitoneal sarcomas may be secondary growths. 

11. Some retroperitoneal masses present the clinical picture of an 
infection, and the autopsy reveals for the first time that the patient had 
Hodgkin’s disease. 

12. At present it seems justifiable to conclude that Hodgkin’s 
disease is an infection. 

13. When searching for the primaiy cause of retroperitoneal 
metastases, teratoma of the testicle must not be overlooked as a possible 
source. 

14. The differential histologic diagnosis is apparently very difficult. 

15. So far, my search for a group of manifestations which might 
help to clear up the puzzling clinical problem produced by retroperitoneal 
masses has failed to add anything of value. 

1522 Aline Street. 



LIPOGRANULOMATOSIS (MAKAI) * 

M. A. GOLDZIEHER, M.D. 

BROOKLYN 

Lipogranulomatosis is a rather common disease which is frequently 
overlooked and misinterpreted. A description of the individual lesions, 
the whole chain of which constitutes the entity of the disease described 
by Makai,^ is repeatedly met with in the literature of the last twenty 
years. According to Makai, the lesion is due to necrosis of the sub- 
cutaneous fat tissue, transformation of its neutral fats into fatty acids 
or soaps and inflammatory reaction of the surrounding tissue. The 
result is a granulation tissue, frequently of epithelioid cell character, 
suggestive of tuberculosis. This similarity is further stressed by the 
large number of giant cells, some of which are of the ordinary foreign 
body type, while others are of the characteristic Langhans type. The 
granulation tissue is finally substituted by fibrous scar tissue in which 
inclusions of necrotic and even calcified material are met with; or the 
scar tissue encloses cystlike cavities, the result of liquefaction. 

My associates and I observed three cases of lipogranulomatosis at 
the Crown Heights Hospital on Dr. H. Koster’s service. We were 
also able to demonstrate these cases to Dr. Makai, who happened to be 
on a visit to this country. A brief description of the three cases 
follows : 

REPORT OF CASES 

Case 1. — Irene D., aged 20, was admitted to the hospital because of several 
small nodules on the right arm and left thigh. She had noticed their development 
some years previously, after she had received a number of subcutaneous injections 
while suffering from pneumonia. There was a hard nodule, the size of a bean, 
in the region of the deltoid muscle of the right arm. The nodule was siigity 
raised above the surface, and the skin did not fold over it. There was 
nodule about the size of a hazelnut on the external surface of the left thigh. le 
latter was not as sharply demarcated from the surrounding fat tissue as t 
nodule on the arm. Neither nodule was tender. On Sept. 23, 1930, the no u 
and the overlying skin were removed. Healing occurred per primam inten lone 
but was prolonged for fourteen days. After operation, subcutaneous 
of morphine were made into the right thigh, and a painful area o m 
the size of a nickel developed, which lasted a week and then disappeare . 

Histologic examination of the specimen showed a small roun no 
in diameter, embedded in the fat tissue. It was surrounded > ^ Tarver there 
composed of dense hyaline fibrils circularly arranged. Insi e o strands 

was a stratum of granulation tissue which was interwoven vi i 

* Submitted for publication, Jan. 8, 1931. tt •, i 

* From the Department of Pathology, Crown Heights ospi a 

1. Makai, E. : Klin. Wchnschr. 7:2343, 1928. 
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of hyaline fibrils. The cells of the granulation tissue were lymphocytes, fibro- 
blasts and larger cells with pale nuclei of the endothelial or macrophage class. 
The main central part of the nodule was honeycombed. Some of the vacuoles 
of this area were large and irregular; others were smaller, approximately the 
size of ordinary or overgrown fat cells. All of the vacuoles were separated by 
strands of hyaline fibrils and occasional areas of granulation tissue. The latter 
showed an abundance of large macrophages and cells with foamy cytoplasm 
suggesting young fat cells. The wall of the cysts and smaller vacuoles was lined 
by a syncytial scam, with scattered rod or spindle shaped, darkly stained nuclei. 
Occasionally, these nuclei were grouped eccentrically to present a crescent-shaped 



Fig. 1. — Low power view of a nodular lipogranuloma. A fibrous capsule, 
honeycombed structure and calcification arc seen about the necrotic center. 


giant cell. Some of the vacuoles contained regular foreign body giant cells, the 
cytoplasm of which projected irregularly into the lumen. In some of these 
vacuoles, there was amorphous material which stained a diffuse purplish blue 
with hemato.'cylin. The center of the nodule was occupied by another, more 
dcn.tcly fibrosed area, the periphery of which showed plentiful amorphous, dark 
blue-stained deposits. This substance was apparently lime; it surrounded like 
a ring some poorly staining necrotic tissue. The nuclei in this area were not 
stained, and only the outlines of the tissue revealed that the area was of a 
character identical with that of the surrounding honeycombed structures. 

C.ss^r. 2.— J. B.. .a man, aged 49, was admitted to the hospital on Sept. 19, 1930, 
with a history of having been operated on about five years previously for bilateral 
inguinal hernia. He bad noticed the recurrence of a mass shortly after he left 
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the hospital. At the time of admission, in the right groin there was a lar^e 
palpable mass which extended into the scrotum. The patient was operated on 
(Galh operation) and made an uneventful recovery. About a week after his 
discharge from the hospital, he noticed a small swelling in the upper end of the 
incision. Wet dressings were applied, and the condition cleared up. One week 
later, the patient’s physician noticed a hard, tender mass under the site of the 
incision. The patient did not have a rise in temperature, and the mass dis- 
appeared after the application of hot wet dressings. This mass recurred and dis- 
appeared several times at intervals of four or five days. On November 28, the 
patient was readmitted to the hospital. At this time the mass was very large, Iiard 



Fig. 2. — Low power view of necrosis of the fat tissue, surrounded by o 
lation tissue. 

and tender, and there were small pinpoint openings along the scar 

clear lymph could be expressed. c„t,riinncouslv 

The old scar was excised, and dense fibrous tissue was ou ^^ound 

above the deep fascia. The entire granulomatous mass was ^ the 

closed. The patient made an uneventful recovery. Histo ogic ex . scar 

specimen showed that the fat tissue was intersperse witi .tjc cells 

tissue. Enclosed therein were numerous foci of groups ° groups 

or small areas of cellular granulation tissue. Sing e gian „naratcd from 

of giant cells were also seen, directly surrounded by scar tissue 

the latter merely by a wreath of lymphocytes. evera is a foamy 

within the scarry area presented a multitude of the vacuoles of 

cytoplasm in mosaic arrangement. They formed septums betueen 
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of large epithelioid cells, the projections of which formed a fine reticulum. 
Between these cells, but particularly surrounding the nodules of epithelioid cells' 
there was a massive aggregation of lymphocytes. In the center of these nodules 
there were irregular open spaces which were lined by syncytium, the latter form- 
ing giant cell-like structures. In other places, the irregular vacuoles were sur- 
rounded by one or several real giant cells from which filament-like projections 
extended toward the center. On frozen section, crystalline lipoid material, 
probably cholesterol crystals, was demonstrated, surrounded by the pseudopods of 
the giant cells. In the vicinity of the area described, but directly within the 
hyaline scar tissue, several giant cells were found each surrounded by a few 



Fig. 4. — Giant cells forming about fatty acid and cholesterol crystals. 


lymphocytes. The cytoplasm of these giant cells showed vacuoles divided P ^ 
fine protoplasmic filaments and containing fatty material, as s own 
section. 


COMMENT 

In summarizing the observations in these three cases, it can be ’ 
1. There is a chronic, inflammatory, productive process resu 
formation of fibrous scar tissue. This tissue develops rom 
tissue which in places is quite cellular and not different ° ^ 
granulation tissue ; in other places, epitheloid ce s 
form groups resembling tubercles of epitheloid ce s. cimflaritv'- 

large |iant cells of foreign body type adds to the apparent s.m.Iarit> 




Fig. 5. — Large, single giant cell surrounded by granulation tissue. 


3. The changes in the fat tissue can be divided into two groups. 
On the one hand, there is a new formation of small fat cells. Their 
lipoid content does not dissolve in the paraffin sections. Their cyto- 
plasm is finely granular and moderately basophilic. These young fat 
cells seem to form between the old fat cells, but their endogenous devel- 
opment within the body of the old cell is actually demonstrable in many 
instances. The remaining fat droplet then appears, surrounded by cells 
which are sometimes multinuclear. The other type of change consists 
in the appearance of large vacuoles, from two to three times as large 
as an ordinary fat cell, but sometimes exceeding these dimensions many 
times. Some of these fat cysts are large enough to become visible to 





Fig. 6. — Epithelioid cell nodule with central vacuole. 


includes the early forms of epithelioid cell granulations with subsequent 
progressive fibrosis. The second is represented by the appearance of 
cysts, some of which may fill up with serous fluid after absorption of 
their fatty content. The third appears as a completely fibrotic nodule 
characterized by many small foci built by concentric arrangement of 
their hyaline fibrils. The fourth stage is closely related to the previous 
one and differs in the presence of calcareous deposits in tlie center ot 
the concentric hyaline structures. The fifth group presents tiie picture 
of complete petrifaction and corresponds to that which is knoun as a 
fat tissue stone. 

2. Abrikossoff, A.: Verhandl. d. deutsch. path. Gesellsch. 24;57, 1929. 
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The various authors mostly agree as to the histogenesis of lipogran- 
uloma. The consensus is that the changes set in with necrosis of die 
fat tissue followed by the formation of granulation tissue, progressive 
scarring and finally calcification. The formation of giant cells and of 
cysts, particularly the larger ones with serous content, however, has 
given rise to diverging interpretation. Makai expressed the belief that 
the giant cells are at least partly the products of proliferating capillary 
endothelium, and observation of serous cysts has led several Russian 
authors (Schujeninoff and Kedrovsky to classify these lesions as 



“cystic lymphangitis.” Abrikossoff pointed out that there is no need 
for this assumption. The formation of giant cells of this type is closely 
linked with two processes : the regeneration of fat cells and the response 
of macrophages to the presence of free extracellular fatty material. 
Special stains (Sudan, Benda’s and Fischler’s stain) reveal the pres- 
ence of fatty material in the cytoplasm of the giant cells and identify 
them as genuine “foreign body” giant cells in contradistinction to giant 
cells such as occasionally form through hasty and incomplete division 
of proliferating endothelium. Abrikossoff drew attention to the simi- 


3. Quoted by Abrikossoff (footnote 2). 
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larly erroneous interpretation of changes commonly observed in dermoid . 
cysts, in cases in which their walls had been invaded by some of the 
fatty material. The giant cells that develop in such places have been 
derived from the endothelium of lymph vessels (Stuebler,* Schott- 
laender ® and Gentili «), but it seems more logical to ascribe their origin 
to proliferation of ordinary macrophages. 

Etiologic factors in the pathogenesis of lipogranulomatosis are mani- 
fold. Whether the cause is trauma, inflammation or a circulatory dis- 



Fig. 8. — ^Large fat cyst with syncytial lining 


turbance, they all act in the same way — ^they injure or destroy the 
cells. According to Makai, the injured fat tissue is susceptible to t 
effect of the lipase, the existence of which in the subcutaneous fat 
sue has been demonstrated by experimental work. When libera 
from injured fat tissue, this lipase leads to the decomposition ° 
fat whereby fatty acids and other lipoid materials are liberated. 

4. Stuebler: Virchows Arch. f. path, Anat. 247; 159, 1923. 

5. Schottlaender : Arch. f. Gynak, 78:137, 1906 

6. Gentili: Arch. f. Gynak. 77:616, 1905. 
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substances act as foreign bodies and stimulate the formation of giant 
cells (Berner,' lieyde,'’ Farr,’’ Knape,"’ von Gierke “ and Askanazy.^- 

The close resemblance of the necrotic foci in the fat tissue to fat 
necrosis of the pancreas has suggested the possibility that pancreatic 
lipase mav be the acting enzyme. However, von Gierke s experiments 
have shown that such changes also occur in vitro without the possibility 
of pancreatic interference. 

In view of the frequency with which impairment of the subcuta- 
neous fat tissue ought to and does occur, it seems peculiar that lipogran- 
ulomatosis is not more common. Since attention has been called to the 
existence of these lesions, they have been found more frequently than 
in the past, yet their freriuency remains much below that fif causes 
likely to elicit these changes. 'I'his consideration induced IMakai to sug- 
gest a constitutional factor that may jiossibly depend on endocrine influ- 
ences. Similar views were also suggested by Brancati. It has been 
reported that the administration of thyroid has a benefleial effect on 
.such lesions (Bessau and in one of IMakai's cases cod liver oil also 
gave favorable therapevttic results. .\t present the endocrine concept 
seems so hypothetic that its discussion is hardly warranted before th.e 
accumulation of further facts. However, it seems of importance, as 
Hakai emphasized, that the healin.g of wounds in these patients is often 
prolonged and yields massive, ugly scars in spite of primary union. 
This observation strengthens suspicion that some constitutional factor 
IS at play. 'Fhe frecpient multijihcity of tlie lesion and its tendency to 
recur, as observed in case 2 , also ])oint m the same direction. 

In reviewing the literature, a number of references are available to 
show that lipogranulomatosis may occur in any part of the bod}' that 
harbors fat tissue. From the surgeon’s ])oint of view, perhaps the 
greatest importance might he attached to the lipogranuloma that arises 
in the glands of the breast. Such observations were recorded by 
Targett,’* Lanz and Berner,' but their clinical significance was not 
properly stressed before the puhlicxition of the paper of Lee and Adair/® 
and particularly that of Hadfield.^' I'lie latter author collected forty- 
two cases on record under the heading of “fat necrosis of the breast.” 

7. Berner: A^rchows Arch. f. path. Anat. 187:360, 1907; 193:510. 1908. 

8. He\de: Deutsche Ztschr. f. Chir. 109:500, 1911. 

9. Farr, R. E. : Ann. Surg. 80:670, 1924. 

10. Knape; A^irchows Arch. {. path. Anat. 207:321, 1912. 

11. von Gierke: A^erhanclI. cl. cleutsch. path. Gesellsch. 15:433, 1912. 

12. Askanazy. Al., and jentzer. A.: AAbcn. med. AA'^chnschr. 79:3, 1929 

13. Bessau, G. : Alonatschr. f. Kinclcrh. 38:438. 1928. 

14. Targett; Tr. Path. Soc., London 47:249, 1896. 

15. Lanz; Zcntralbl. f. Chir. 25:1253, 1898. 

16. Lee, B. J., and .Adair, F. E. : Ann. Surg. 80:670, 1924. 

17. Hadfield, G.: Brit. J. Surg. 17:673. 1930. 
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Other recent contributions on this subject are the papers of Goiirbandt 
Trnica/° Wellbrock and Brancati.^^ Most of these authors empha- 
sized the clinical resemblance of these lesions to early carcinoma. The 
differential diagnosis is often established only by histologic examination. 
It is far easier, however, to confuse the lesion of the breast with tuber- 
culosis, and I feel inclined to believe that more than incidental diagnostic 
mistakes of this kind have been committed. 

The most common seat of the lesion is the subcutaneous fat tissue, 
and the majority of the cases on record show this localization (Heyde," 
Kuettner,-- Moir,-=' Schujeminoff,'' Kedrovsky,^' Schamow,"-* Abrikos- 
soff,- Makai,^ Alexander, 2 - Strasser -« and others). In some cases the 
direct relationship to trauma was well established, as in case 1; in 
others, the perivascular infiltration of the subcutaneous tissue in typluis 
(Schujeninoff “) or the vocational injuries of the skin in working men 
(Kogan Jasn}’’ - ') could be blamed. Their apparently frequent occur- 
rence in amputational stumps has been noticed only recently (zur 
Verth,-^ Makai and Protopow and seems to deserve the attention 
of the surgeon. 

Lipomas are another comparatively frequent seat of lipogramiloma, 
as was known to Virchow. Targett,^* Shattock,®’ Knape,^” von Gierke" 
and others describe lipomas with secondary lipogranulomatous changes, 
usually of the calcifying type. Calcification, however, may also develop 
in single or multiple subcutaneous lesions (Chiari,"'- Huebschmann,^'' 
Lanz and others) or may be widely scattered, as in Schamow’s 
remarkable case of “interstitial calcinosis.” 

Lipogramiloma occasionally develops in other parts of the body, 
such as the mesentery, retroperitoneal fat tissue and bone marrow. The 
immediate cause is always injury to the fat tissue, such as is produced 
by an invading tumor. A considerable number of observations hare 

18. Gohrbandt, P.: Arch. f. klin. Chir. 148:684, 1927. 

19. Trnica: J. Coll. Surgeons, Australasia 2:21, 1929. 

20. Wellbrock. W. L. A.: Ann. Surg. 90:I.=i4, 1929. 

21. Brancati, R. : Arch. ital. di chir. 26:58a, 1930. 

22. Kuettner ; Berk klin. Wchnschr. 1:9, 1913. 

23. Moir, P. J.: Brit. M. J. 1:64, 1929. 

24. Schamow : Zentralbl. f. Chir. 51:2221. 1924. 

25. Alexander, A.; Klin. Wchnschr. 8:2138. 1929. 

26. Strasser, U. : Klin. Wchnschr. 9:967. 

27. Kogan Jasny; Ztl. Org. Chir. 39:26a. 1927. 

28. zur Verth, M. : Arch. f. klin. Chir. 157:55, 192 . 

29. Makai, E.; Zentralbl. f. Chir. 57:590. 29.30. 

30. Protopow: Zentralbl. f. Chir. 57:206. 1930. 

31. Shattock: Tr. Path. Soc., London 47:246, 1896. 

32. Chiari: Ztschr. f. Heilk. 1908. Suppl. ‘ 

33. Huebschmann: Miinchen. med. Wchnschr. . 
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recently appeared which call attention to the appearance of “granula- 
tion tissue with foreign body giant cells,” i. e., lipogranuloma in fat 
tissue invaded by malignant growth (Fleischmann,^* Gohrbandt,^® 
Petri, Teutschlaender,®® Wellbrock and others). 

Pediatricians particularly have been puzzled by the peculiar changes 
of the subcutaneous fat tissue in scleroderma of the new-born (Bern- 
heim-Karrer “■) or subcutaneous fat necrosis with or without calcifica- 
tion (Farr,® Bessau,^® Pozzo and Bianchi,®® Heubschmann and 
others). A more complete survey of the literature dealing with this 
particular phase of the subject can be gathered from the paper of 
Epstein and Barash,®® who have discussed the question ’from the point of 
view of the pediatrician. 

Finally, the dermatologists have paid considerable attention to 
lesions of a similar nature ( Schwarzmann,'*® Lecene and Moulonguet,^^ 
Alexander and others) ; yet, as pointed out by Makai and Abrikossoff, 
it seems that increasing knowledge of lipogranulomatosis may change 
some of the concepts concerning certain conditions of the skin, such as 
Darier’s sarcoid, Bazin’s indurating erythema and the various types of 
lesions summarized as tuberculids. It seems probable that toxic leSions 
or allergic reactions of the subcutaneous fat tissue account for the injury 
of fat cells which is followed by the development of the nonspecific 
lipogranuloma. When one looks at. these lesions as reactions specific 
to fat tissue but nonspecific as far as the eliciting cause is concerned, 
one may attain a more satisfactory interpretation of tuberculids and 
allied changes. 

It stands to reason that any disease that occurs in so many places 
of the body and in connection with such varied conditions is likely to 
be more or less misunderstood, particularly if its morphologic aspects 
also show variations over a wide range. It therefore seems of definite 
value to establish a common basis for these varied conditions expressed 
by a unification of nomenclature. The various names proposed in the 
literature, such as fat necrosis of the breast, fat stone, oleogranuloma, 
calcinosis interstitialis, cystic lymphangitis, chalazion (SchalP®) and 
the various dermatologic terms each express but one phase in the devel- 

34. Fleischmann, R. : Arch. f. klin. Chir. 158:692, 1930. 

35. Petri: Zentralbl. f. Path. 37:1, 1926. 

36. Teutschlaender, O. : Frankfurt. Ztschr. f. Path, 35:436, 1927. 
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opment of the lesion or some peculiarity due to its localization. Makai 
deserves the credit for having opened the field for unified consideration 
of these varied but pathogenically identical changes. Tlie name lipc- 
granuloma expresses properly the histogenesis and character of the 
lesion. Its frequent occurrence in multiple, sometimes symmetric, foci 
(Strasser-®) justifies the term lipogranulomatosis, which also includes 
reference to the possible constitutional factors. 

SUMMARY 

Three cases of lipogranulomatosis -are described, two in the suh- 
cutaneous fat tissue and one in the breast. The histogenesis of the 
lesion is discussed, and its frequency and clinical importance are 
emphasized. 



THE NATURE OF LIVING CELLS 


WITH SPECIAL REFERENCE TO THE NATURE OF CANCER 
CELLS and of fatty DEGENERATION * 

GEORGE W. CRILE, M.D. 

AIARIA TELKES, Ph.D. 

AND 

AAIY F. ROWLAND, M.A. 

CLEVELAND 

The research a preliminar}- report of which is here presented was 
undertaken with the purpose of discovering some ph)^sical principle that 
might account for the conversion of normal cells into cancer cells, that is, 
into cells the energ}^ of which is used only for growth, whereas the 
energ}^ of the tissue in which the conversion takes place is used pri- 
marily for function. It is clear that the cancer cell must owe its forma- 
tion to the operation of existing laws of growth in the host. These laws 
are most strikingly illustrated in the process of fertilization. 

The ovum and the sperm, as Keller has shown, exhibit opposite signs 
of charge, hence they attract each other. The preponderantly positive 
element exists apart from the preponderantly negative element, but when 
they unite growth and division take place, forming the beginning of a 
new organism. The fertilized ovum contains, therefore, elements bear- 
ing opposite signs of charge and electrolytes in optimum proportions, 
and transmits these characteristics to each cell of the developing 
organism. 

Every living cell contains proteins, lipoids and electrolytes. Colloidal 
systems of proteins and of lipoids bear different degrees of electrical 
charge. We postulated, therefore, that if we were to mix proteins and 
lipoids with the electrolytes present in living tissues, the same laws would 
act that govern the process of fertilization ; that is, that the comparative^ 
positive element would combine with the comparatively negative element, 
this combination with the electrolytes carrying an electric charge and 
■ forming an organized unit which would present a cell-like form. In 
other words, we proposed to test by experiment whether or not after 
the essential fractions of the cells of an animal had been separated they 
could be I'eassembled to form a lower undifferentiated type of cell that 
would bear a certain physical resemblance to the cell from which the 
material of which it was made was derived, and would also exhibit some 
of the phenomena of the parent cells. 


Submitted for publication, Jan. 27, 1931. 
' From the Cleveland Clinic Foundation. 
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This research is no means the first attempt to produce artificial 
cells. Such cells have been formed from inorganic and organic material 
by many investigators, notably Beutner, Butschli, Herrera, Le Due. 
Lehmann, Loeb and MacDougal. The cells formed by these investigators 
have shown such phenomena as division, nucleation, growth and 
ameboid movement, but in cells made by their formulas, respiration, 
repeated division and prolonged exhibition of the manifested phenomena’ 
have not been observed. The cells of MacDougal showed a difference 
in ion concentration analogous to biologic cells. The investigations 
of Bastian and others are of a different type. 

As we have stated, it has been our hope that from the study of 
undifferentiated cells made up of proteins, lipoids and electrolytes 
extracted from tissues, we might ultimately gain some insight into 
the processes whereb}'’ malignant cells are formed from the proteins, 
lipoids and electrolytes of their parent tissues. 

To these cells thus formed from proteins, lipoids and electrolytes we . 
have applied the term autosynthetic cells. We expected that, because of 
the potential differences between the elements from which they were 
synthesized, these autosynthetic cells would themselves carry an electric 
charge and would show growth energy ; that they would divide, would 
have respiration and would show motilitj'. The extent to which oiir 
expectations have been realized is stated in the folloiving summary of 
experiments, 

experimental observations 


From the organs of freshly killed normal animals, the lipoids and 
proteins of the brain were extracted and the ash was obtained. B} 
mixing the lipoids and the proteins of the brain and a solution of the 
brain ash or of the electrolytes contained in the brain, the process of 
fertilization in nature by the uniting of the spermatozoon and the o\ uin 
was imitated. 

On observation of this mixture of lipoids and proteins of the brain 
and the solution of electrolytes under the microscope, we noted itnine- 
diate activit}^ of organization. Cell-like forms appeared and greu s on } 
(fig. 1). They multiplied, sometimes by budding, and som etinws )} 
direct division (fig. 2). These cells were nucleated, the} ‘ 

stains ; they consumed ox)-gen ; they gave off carbon dioxi e. ” 
high power lens, free movement of granules and a movemen i 
the brownian movement were seen, and sometimes the 
so rapid that it was difficult to keep the cells m the ec o ^l 
the microscope. Some of these mixtures have continue 

active cells for two and one-half months. 

Exactly the same technic was earned out for le o 
animals. The lipoids and proteins of the various organ 
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brain were extracted and the ash was obtained; hut on mixing the 
lipoids, proteins and a solution of the ash of these various organs, only 
feeble or no power of organization was seen. The nearest approach to 
organization in extracts from organs other than the brain was in the 
case of the spleen, and to a lesser degree of the ovary and the testes, hut 
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We next observed the effects of adding the lipoids of the brain to 
the proteins and solutions of the ash of each of the other organs. 
Immediate orgairization was observed. The cell-like structures that were 




tv 




• . i 








Fig. 4. — The effect of e.xhaustion on the formation of autosynthetic cells: 
A, normal autosynthetic cells; B and C, unorganized masses produced in the mix- 
ture of protein and electrolyte solution with B the lipoid extracted from the brain 
of a rabbit that died of exhaustion from insomnia, and (C) the lipoid extracted 
from the brain of a dog that had died from distemper. 
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formed took vital stains ; they grew in size ; they multiplied and showed 
respiration. This experiment revealed clearly that the lipoid of tlie brain 
IS unique in being the possessor of a structure that has the power'of 
organizing the proteins of any organ. 

As we have stated, these autosynthetic cells took vital stains (fig. 
2A). They grew and multiplied. They showed internal organization 
such as a nucleus, granules, etc. They varied considerably in size 
They had respiration, their consumption of oxygen running as high 
as 14 mm.3 per hour per 2 cc. of cell mixture over a period of five 
hours, the respiratory quotient ranging from 0.7 to 0.98. Some of 
these cells were obtained for a period of nine hours, and many 



Fig. 5 —The effect of radiation on autosynthetic cells • normal aiifo- 
synthetic cell; B, radiated autosyiithetie cells Note the unorganized masses o 
fat within the cell membranes. 


photographs showing the changes in their form were taken. T te on 
of the cells seemed to dejjend on the pn of the electrolyte so utio , 
ciliated cells being always produced in a solution of pn 7.5.^^ 

While carrying out the effects of adding various food 
to the cells, it was found that dextrose increased the meta 30 isi 
cells while the various culture materials such as beef brot r, aga , 
serum, etc. showed little or no effect. It is necessan, lorre^e , 
to keep cultures alive over a period of time, to ee 
occasional addition of protein. In one case supiaiena 
added, and the cell immediately assumed the ^ppearanc c 
and pseuclopodia like those of an active aine a were 
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sionally the cell moved, appareiitl)^ without first thrusting out pseudo- 
podia, although the usual manner of movement was by the thrusting out 
of a loop of fiber-like substance from the body of the organism, into 
which loop the contents of the organism, the granules, etc., seemed to 
flow, the oi'ganism moving in the dii'ection of the flow (fig. 3). 

Of special significance was our observation that autosynthetic cells 
were not formed in the brain-lipoid-brain-protein, electrolyte mixture 
of dogs which had died from distemper. In rabbits that had died of 
exhaustion from insomnia, unorganized masses appeared in a mixture 
of this kind (fig. 4). 

On the addition to the brain lipoids and proteins of an elec- 
trolytic solution identical with the brain ash solution, wfith the exception 



Fig. 6. — The effect of lack of oxygen (asphyxiation) on the production of 
autosynthetic cells ; A, normal autosynthetic cells ; B, lack of organization and 
fatty droplets in a mixture of electrolyte solution and protein with lipoids which 
had been shut away from the air for a number of weeks. 

that the potassium salt was omitted, the formation of cells was delayed, 
and the cells differed in form from those found in the complete brain ash 
solution. It should be noted that the lipoids themselves held adsorbed 
potassium ions. Could all the potassium be eliminated, it might be that 
the organization of cells would be entirely inhibited. 

In collaboration %vith Dr. Otto Glasser of the Cleveland Clinic Radia- 
tion Research Laboratory, we subjected the liiroids of the brain to 
intense radiation before they were mixed with the proteins of the brain 
and the electrolyte solution, and we found that the mixture had lost 
the power of organization — no cells were formed. The radiated lipoid 
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material assumed the aspects of a different substance. Small globules 
apparently resembling neutral fat, appeared, suggesting that ratli,,,.. di; 
locates the metal elements, viz., the molecules of potassium and of 
phosphorus that bind togetlier the delicately poised elements of the cell 
Radiation of newly formed cells broke them down (fig. 5). On the 
other hand, radiating the protein had no effect. Autosynthetic cells 
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Fig. 7.— The potential difference of autosynthetic cells. A shows 
of varying concentrations of sodium chloride and ferric chloride on le 
difference. Compare the curve for the autos 3 mthetic cells v it i t la ° 
as established by Browm and Broom. B Shows the effects o ^arlOUS ^ 
potential difference. (The potential difference of the ce s was 
cataphoresis; that of the ameba by a direct electromotive method. j 

were formed with radiated protein and with noniadiated lipo' p,'f 

as with nonradiated protein. It would seem that tie ‘ 
radiation must be exerted on the lipoid element o cancel 
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Cataphoretic measurements have been made from which the electric 
charge of the protein, of the lipoid and of the structures have been cal- 
culated. There was a marked potential difference between the lipoid and 
the protein, and the charge on the cells has been found to var}’ from 
50 to 70 millivolts. 



Fig. 8. — The o.xygen consumption of autosj'nthetic cells: A, The effect of 
various agents on the oxygen consumption of autosynthetic cells; B, The progres- 
sive changes in the oxygen consumption of autosynthetic cells during thirty-four 
days. 


Direct measurements of the electric potential difference of the cells 
and of the nucleus and cytoplasm were made by introducing electrodes 
into them. The nucleus was found always to be positive with relation 
to the cytoplasm, the difference of potential varying between 20 and 30 
millivolts. 


712 


ARCHIVES OF SURGERY 


When “old lipoids,” that is, when lipoid material that had been kept 
over a number of weeks and had been shut away from the air was used, 
we observed that instead of organized autosynthetic cells, fatty droplets 
were formed (fig. 6) . These fatty droplets which were similar to those 
seen after the lipoid had been radiated were seen also after a cyanide was 
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Fig. 9._Unorganized masses produced in a mixture of electrofite 
the lipoid and protein extracted from a cancer. 

to fatty degeneration. _ ^ , fixture ot bixhd- 

The effects of the addition of vanous a^ t diftercKC 

protein and electrolyte were as follows: Both P 
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and the respiration were decreased on the addition of an anesthetic (ure- 
than) (figs. 7 and 8). (Note; The effect of ether and of chloroform 
could not be tested as they immediately dissolved the lipoid.) The addi- 
tion of salts in various concentrations affected the potential difference of 
our autosynthetic cells in a manner striking^ similar to the effect of the 
same concentrations on the potential differences of bacteria (Brown and 



Fig. 10 — Autosynthetic cells produced in a mixture of electrolyte solution with 
the lipoids and proteins extracted from a human brain. Note the active division 
in progress m (B). 


Broom) as is shown by the plotted curves in the chart. Both the potential 
difference and the respiration of the autosynthetic cells were increased 
on the addition of some agents. The potential difference and the respira- 
tion were decreased on the addition of morphine. On the addition of a 
small amount of strychnine or of alcohol (from 3 to 5 per cent), the 
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potential difference was increased. On the addition of large amounts 
of either strychnine or alcohol (50 per cent), the potential difference 
was decreased. On the addition of a cyanide or of a toxin, the potential 
difference was decreased to zero. 

The lipoids and proteins extracted from a cancer, when mixed with 
a solution of the ash of the same cancer, did not produce cells; but a 
bizarre structure characterized by the appearance of many fatty droplets 

(fig. 9). 

A mixture of the lipoids and proteins of a human brain with the 
electrolyte solution produced a highly organized cell with active division 

(fig. 10). 
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INTRACAPSULAR FRACTURES OF THE NECK OF THE 

FEMUR 

TREATMENT BY INTERNAL FIXATION * 

M. N. SMITH-PETERSEN, M.D. 

EDWIN F. CAVE, M.D. 

AND 

GEORGE W. VANGORDER, M.D. 

BOSTON 

Nails of various types, either round or square, have been used for 
internal fixation of intracapsular fractures of the neck of the femur 
Avith varying success. This type of treatment has been abandoned 
because it brought about partial and temporary fixation only. Since the 
fixation was only partial, immobilization by means of a plaster cast had 
to be superimposed on the open operation until repair was far enough 
advanced to stand the strain of function. Since early function is the 
most important principle in the treatment of any joint fracture, this type 
of treatment necessarily fell short of the ideal. The type of nail previ- 
ously used brought about temporal}' fixation only. This was due to 
the fact that the nail was massive; it displaced so much bone that it 
actually created pressure necrosis surrounding it. Due to this n^rosis, 
within a short time the nail became loose and ceased to function. 

To eliminate these two weak points a flanged nail was devised (fig. 
1 ) which brought about absolute fixation in all directions and displaced 
a, minimum amount of bone. Because of its flanges, the nail is gripped 
by the cortex of the bone so that there can be no rotation ; because of its 
shape, the surface area is much greater than that of the ordinary nail 
and friction is proportionately increased; because of the minimum dis- 
placement of bone, there is less pressure necrosis surrounding it; con- 
sequently, the fixation is sustained and complete, not temporary and 
partial. 

OPERATIVE TECHNIC 

A great responsibility rests on the surgeon Avho introduces a new method of 
treatment. The desire to have a new idea published is so great that the originator 
is often led astray, and the method is broadcast before it has been proved worth- 
while and before the technic has been perfected. The method that is the subject of 

* Submitted for publication. Oct. 15. 1930. 

* From the Fracture Service of the Massachusetts General Hospital. 
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this paper has been used for five years, aud a sufficient series of cases has been 
studied to prove that it is worthwhile ; the technic has been developed, and many 
errors eliminated. 

The success of any operation for open reduction of a joint fracture depends on 
the exposure of that fracture and the ease with which the surgeon can accurately 
aline the fragments. At first, two incisions were used. These adequately e-xpose'd 
the fracture but made it difficult to aim the nail accurately. To eliminate this 



ime, cj inoision 
/y Tenser' fasciaider^fl 
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Fig. 2. — Incision used in operation. 

difficulty, one incision, a more extensive one, ivas (Do 

modification ot the incision previously described by one of the authors 

Petersen).! _ ilinni, and 

The skin incision is made along the anterior thir curving posteriorb 

continued along the anterior border of the tensor ^ j ’^j subtrocliantcric 

across the insertion of this muscle into the ihot.bml band 

. T • t Am T. OrtlinP 

1. Smith-Petersen, M. N.: New Approach to H.p Join, 

Surg. 15:592 (Aug.) 1917. 
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region. It sliould be kept in mind that the insertion of the tensor fascia femoris 
into the iliotibial band is low, from 3 to 4 inches below the base of the trochanter. 
The line of incision of the fascia (fig. 3) follows the anterior border of the tensor 
fascia femoris. Care should be taken not to injure the anterior femoral cutaneous 
nerve; it is mesial to the inner border of the tensor fascia femoris, close to the 
lateral border of the sartorius. 

The muscle attachments to the lateral aspect of the ilium are now incised along 
the crest of the ilium. It is important to make this a clearcut incision down to the 
bone, through the periosteum, since it then becomes easj' to make a true periosteal 



Fig. 3. — Line of incision of the fascia. 


reflection. The periosteum reflects easily as a continuous structure— it should not 
be fra.vcd. The periosteum is reflected down to the superior margin of the 
acetabulum, and the muscle attachments between the anterior superior spine and the 
cotyloid ligament are divided. The flap thus reflected consists of the tensor fascia 
femoris. the gluteus minimus and the anterior portion of the gluteus medius. 
Infenorly, the fascial incision is carried across the insertion of the tensor fascia 
lemons into the iliotibial band, e.xposing the superior portion of the rectus and 
the anterior portion of the vastus lateralis. 

The capsular incision is again a flap incision (fig. 4). It starts at a point just 
lateral to the cotyloid ligament, over the inferior aspect of the capsule. From this 
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point, it extends parallel with the enfvl/~\?ri i* 
capsule. It then curves laterally and continu^^T^ 
the greater trochanter. It will be notTcedXt 

the reflected head of the rectus femoris thtn » , T of 

nisertion into the superior margin of the art.h ffs 

capsule, the capsular flap becomes stronger a ! reflecting it with the 

gives a continuous exposure of the anterior 
hgament to the base of the trochanter (fig 5) 



The fracture is now reduced, and in this manipulation it should be kept in 
mind that adduction, accompanied by lateral pressure applied to the inner aspect oi 
the thigh, is helpful in unlocking the fragments. When the fracture is in alinement, 
the position is most easily retained by internal rotation, extension and abduction 
of the hip. The nail is now driven in through the lateral surface of the trochanter, 
at a point between the insertion of the gluteus medius and minimus and the 
of the vastus lateralis; these muscle attachments having previously been re ecte 
subperiosteally. 
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As the nail enters the proximal fragment there is a tendency to separation of 
the fragments (fig. 6). This tendency is overcome by the use of a most valuable 
tool, “the impactor,” which fits over the head of the nail so that the force of 
the blows is transmitted directly to the cortex of the femur in the subtrochanteric 
region, thus approximating the fragments. By alternatelj'^ striking the nail and 
using the impactor, the nail is driven home. Impaction of the fragments is 
extremcl}’ important, and the nail should not be struck after impaction has been 
brought about, since by so doing we tend immediately to distract the fragments 
(fig. 7). 



Fig. 5.— Exposure of the anterior aspect of the hip from the cotyloid ligament 
to the base of the trochanter. 


Before closing the capsule the success of the procedure should be put to the test 
by moving the hip through a wide range in flexion, abduction, adduction and 
rotation. There is no change in the fracture line as these manipulations arc carried 
out, and it gives the surgeon confidence in the absolute fixation so that he will 
start function early. 

The capsular flap is now sutured back in position. Since it carries with it a 
portion of the reflected head of the rectus it is a strong structure and repair is 



Fig. 6. — Diagram showing distraction of fracture surface as the nail enters the 
proximal fragments. 



Fig. 7. — ^Diagram showing method of impacting the fractu 
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satisfactory indeed. The muscular flap from the lateral aspect of the ilium is best 
sutured back into position with the hip in abduction, thereby relaxing the muscles 
contained in the flap. The same is true of the repair of the insertion of the tensor 
fascia femoris muscle. The remaining closure of the wound needs no detailed 
description. 

ARMAMEXTAKIUM 

In developing the technic of this procedure certain tools have been found ot 
distinct help. 



Fig. 8. — Tools used for operative technic. 

Ihe impactor (fig. 8, J) has already been mentioned under operative technic 
and its use explained. Since it has been found that impaction is of great importance 
lor the success of the operation, the impactor is indispensable. 

-V spatula (fig. 8, 6) is used to insert between the head of the femur and the 
acetabulum. It is notched so that it will fit over the ligamentum teres. The 
head of the femur is partially delivered from the acetabulum by means of this 
tool. In cases in which the head of the femur is delivered completely from the 
acetabulum, either to be grafted on the distal portion of the neck or to be 
discarded, a similar spatula with a cutting notch is used for division of the 
lieamentum teres (fig, 8. 2). 
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Nail sets (fig. 8, 3 and 5) fit the head of the nail and are used when the nail 
has entered the femur to such an extent that it is no longer possible to strike it 
without traumatizing the soft parts. 

The cortex of the femur at the base of the trochanter is extremely thick and 
resists the entrance of the nail to such an extent that the blades of the nail in two 
cases actually became bent. In order to overcome this difficulty, a starter was 
devised (fig. 8, I). This is just an abbreviated nail on a handle. One of the 
blades of this starter projects beyond the other two which allows it to enter the 
cortex of the femur easily. 

A distractor (fig. 8, 7) is used to facilitate the introduction of the spatula. It is 
inserted between the head of the femur and the acetabulum. It separates the joint 
surfaces so as to allow the spatula to be introduced without trauma. 

An “obstetrical forceps” (fig. 8, 8) is used to grasp the neck after the fracture 
has been reduced. Its two blades are introduced separately, intracapsularl}', and 
then locked. It is a distinct aid in holding the fragments in apposition and is 
also a guide to the superior and inferior margins of the neck. 

In some instances the aiming of the nail has been faulty and the nail has had 
to be withdrawn so that its course might be altered. Since the cortex of the femur 
grasps the nail very tightly, no ordinary tool allows the withdrawal of the nail 
without considerable trauma. In order to facilitate this procedure, an instrument, 
built on the principle of the old fashioned corkscrew, is used (fig. 8, P). 

A flexible steel measure with a slide (fig. 8, 10) is used for measuring the 
distance from the femoral joint surface to the base of the trochanter in order to 
select a nail of the right length. 

The nail (fig. 8, 11) as now used is made of rustless steel and has three flanges. 
Previously nickel steel was tried, but was found to be too soft. The flanges are ^/32 
inch in thickness throughout, from % to ^J’ch in width, and make an angle of 
120 degrees with one another. The length of the nail varies from 2p2 to 4 inches. 

POSTOPERATIVE TREATMENT 

In the early cases plaster casts were applied postoperatively, and 
these were followed by ring calipers when the patient became ambula- 
tory. As confidence in this procedure increased, postoperative fixation 
was diminished and we now suspend the affected extremity and app) 

5 pounds of traction. This allows the patient to move around in 
and begin function earlier. Exercises are prescribed at first for ^ 
knee and foot and, at the end of two weeks, also for the 
end of three weeks a bivalved short plaster spica is made in 
degrees of abduction. This spica is used for walking 
of the abducted position, weight-bearing can safely be un ert ’ _ 

in this position there is no tendency to distract the fiagme ^ 
bearing is not always possible at the end of three vee'S, 
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entirely on the condition of the patient. There have been patients who 
have started before this time and there have also been some who have 
not started weight-bearing until from four to five weeks postoperatively. 
In cases in which expense plays no part, a jointed leather spica is used 
in place of the plaster. Support in the form of a plaster or leather 
spica should be used for a period of from three to six months, depend- 
ing on the rate of repair as shown by the roentgenograms. 

Removal of the nail has been undertaken at various times, varying 
from six months to four years. This is a very minor procedure and 
does not disable the patient. When the roentgenograms show bony 
union, the nail has ceased to function and consequently there is no 
objection to its removal. 



Fig. 9 (case 1). — Roentgenograms taken five days before operation and tv^ro 
and eight months after operation. 


POSTOPERATIVE COURSE 

In the series of cases reported in this paper immediate postoperative 
'reaction was slight indeed. At no time was there any need of resorting 
to shock measures. The outstanding reason for the absence of shock, 
we feel, is the nontraumatic approach. It follows structural planes, and 
the exposure is so satisfactory that the work on the hip joint itself can 
be performed without the traumatic retraction necessary in less exten- 
sive exposures. The absence of pain was very striking ; as a rule, the 
patients are comfortable on the day of the operation. 

REPORT OF CASES 

Case ].— A. D., a youth, aged 17, a weaver, was admitted to the hospital on 
July 26, 1925, and discharged on October IS. He had fallen on his hip, immediate 
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disability resulting. A diagnosis of fracture of the distal part of the neck of the 
right femur .was made. The fracture was of five days’ duration. 

The preoperative treatment consisted of traction in a Thomas splint. On 
August 1, under nitrous oxide anesthesia, two incisions were made: (1) a supra- 
articular, subperiosteal approach for exposure of the hip and (2) a short, straight 
incision over the trochanter for insertion of the nail. There was no sliock 
requiring treatment. The maximum temperature was 100 F., and the maximnm 
pulse rate, 90. Pain was negligible. A single long spica was used for five weeks 
after operation, calipers with weight-bearing for seven weeks and after five and 
one-half months no protection was needed. The patient remained in the. hospital 
for eighty-two days and returned to preoperative activities six months after injury. 

In December, 1925, the range of motion in the operated hip was the same in 
every direction as that of the unoperated hip. The patient volunteered that he 
would not know which hip was fractured were it not for the scar. 

On Jan. 19, 1926, five and one-half months after operation, the nail, which 
was firm, was extracted with difficulty. Roentgen examination showed that the 
nail apparently did not enter the head. This might have been due to distortion in 
the roentgenogram or it might have been actually true. At the time of operation, 
after the nail had been driven in, the hip could be moved through a wide range of 
motion without any change in the fracture. If the nail did not enter the proximal 
fragment, there must have been sufficient impaction to hold the fragments together. 


Comment . — The excellent result in this case was due to the anatomic reduction 
and impaction and not to the nail. It must be remembered that this fracture was of 
the distal portion of the neck of the femur in a young boy, consequently an 
excellent result should have been obtained by any method of treatment. The 
roentgenograms showed bony union. 


Case 2. — J. G., a man, aged 57, a laborer in a tanner}^ was admitted to the 
hospital on Aug. 12, 1925, and discharged on September 25. He was injured hr 
falling downstairs. A diagnosis of fracture of the middle portion of the neck of 
the left femur was made. The fracture was of six weeks’ duration. 

Prior to operation, the patient -was ambulatory, crutches being used without 
weight-bearing. On August 18, under ethjdene anesthesia, t\vo incisions we 
made as in case 1 : (1) a supra-articular, subperiosteal approach for exposure ol 
the hip and (2) a short, straight incision over the trochanter for insertion o 
nail. There was no shock requiring treatment. The maximum temperat i < ■ 
100 F., and the maximum pulse rate, 100. Pain wms negligible. Following opera lo , 
suspension in a Thomas splint w'ith five pounds of traction was o e , 
days. A short plaster spica was used for six w-eeks, then weight 
crutches or cast. The period of hospitalization wms fifteen dajs. 
returned to preoperative activities three and one-half months a ter ope • 

In September, 1929, examination showed that the patient w'alke wi ^ ^ 
limp and slight toeing out; he could sit fairly well back m a 
knees with difficulty. The left trochanter was three-eighths me 8 

right. The scar was elastic and not sensitive. Active and passive ^ 

fjlows: external rotation, from S to 10 degrees; internal rotation, none, permn 
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tional results four and a half years after operation. 
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flexion, from 20 to 25 degrees; motion in flexion, 75 degrees; abduction, 5 degrees 
and adduction, 10 degrees. In the knee there was no permanent flexion, and 
motion in flexion was normal. ’ 


Comment.— Three and one-half months after operation, the patient was working 
as a laborer and walked without a limp. There was a feeling of stiffness, but no 
pain in the hip. Four years later he was following the same occupation, but during 
this time there had been increasing stiffness and some pain in both hips. Roent- 
genograms showed bony union and also hypertrophic changes sufficient to account 
for the increasing limitation of motion. 


Case 3. — A. C., a woman, aged 60, whose occupation was housework, was 
admitted to the hospital on Feb. 3, 1926, and discharged on June 13; she was 
readmitted on Jan. 12, 1927, and discharged on March 17. She was injured by a 
fall on a level surface. A diagnosis of fracture of the middle part of the neck 
of the right femur was made. The fracture was of three weeks’ duration. The 
patient suffered from alcoholic psychosis and delirium tremens. 

Before operation, treatment was given for the delirium tremens. On February 
26, six weeks after injury, two incisions were made under ethylene anesthesia. 
There was no shock requiring treatment. The maximum temperature was 101 F., 
and the maximum pulse rate, 120. Pain was negligible. A plaster spica was 
used for two weeks after operation. The patient remained in bed for eight weeks, 
and on the seventy-third day after operation the Thomas caliper .walking splint 
with weight-bearing w'as used. The period of hospitalization was one hundred 
and six days. 


The patient returned to the hospital on Jan. 12, 1927, for removal of the nail. 
Roentgenograms showed nonunion and absorption of the neck. The nail was 
removed on January 22, and Whitman’s reconstruction was done. 

In June, 1928, examination showed that the patient walked with a limp, held 
the hip in external rotation and was able to sit perfectly square on a chair. There 
was complete extension, with flexion to 90 degrees, and the total range of abduction 
and adduction was from 30 to 35 degrees. There was permanent external rotation 
from 5 to 10 degrees, and motion in external rotation to 25 degrees. Shortening 
of one-half inch yras noted. The knee motions were normal. 


Comment. — Delirium tremens complicated the preoperative condition. Tiere 
was absorption of the neck of the femur, and Whitmans reconstruction vas 
This was one of the first cases and quite instructive. Two incisions ve 
which in itself was a handicap, operation was prolonged and exposure o 
fracture and aiming of the nail was more difficult. Impaction not been to 
to be of great importance, and too short a nail was used, giving msu 
on the head. Furthermore, the postoperative treatment was pro ^ 

patient did not walk until ten weeks after operation. This 
mistake. Early weight-bearing in abduction would have tende o i 
tion, aid impaction and possibly brought about union. It is m -WJjitman 

though the first open operation failed, the secondary proce ur , 
reconstruction, succeeded and an excellent result was obtained. 
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admitted to tl,e hospital on 

Sept. 13, 1926, and discharged on October 8. He was injured when hit by a 
truck. A diagnosis of old, ununited fracture of the middle part of the neck of 
the left femur was made. The fracture was of nine and one-half months' 
duration. ^ Before entering the Massachusetts General Hospital, the patient was 
in bed without apparatus for two weeks, and walked with crutches and a cane for 
four and one-half months. His general condition was good. 

On September 15, under ethrdene and ether anesthesia, two incisions were made. 
There was no shock requiring treatment. The maximum temperature was 101 F., 
and the maximum pulse rate, 130. Pain was negligible. Bender bandage spica 
was used for three weeks, then the patient walked with a Thomas caliper. Weight- 
bearing wnth crutches was allowed after five weeks. The period of hospitalization 
was twenty-five days. The patient returned to preoperative activities five and 
one-half months after operation. 

On September 12, the nail was easily withdrawn. It was removed because 
there was evidence of bursa formation around its head with pain and tenderness, 
and increasing limitation of motion. Since extraction of the nail, the patient has 
been free from symptoms and able to carry on his work as a smelter. 

In September, 1929, examination showed that the patient walked with a very 
slight limp and sat \vell back in his chair without discomfort. He could cross 
his knees with difficulty'. The passive motions were as follows; internal rotation, 
from 10 to IS degrees; e.xternal rotation, from S to 10 degrees; abduction, from 
25 to 30 degrees; adduction, 20 degrees; flexion, 80 degrees and hyperextension, 
20 degrees. The active motions were: internal rotation, 10 degrees; external 
rotation, from 5 to 10 degrees; abduction, from 25 to 30 degrees; adduction, 20 
degrees ; flexion, 75 degrees ; hyperextension, from 15 to 20 degrees. In the knee 
there was complete e.xtension and motion in fle.xion to 140 degrees. Shortening 
of three-quarters inch was noted. 

Comment. — This patient was the first to be operated on because of nonunion. 
The fracture was of long standing, nine and one-half months, and there had been 
considerable absorption of the neck. The patient’s age, 33, was definitely in in’s 
favor. A very satisfactory result was obtained, enabling the patient to go back 
to heavy manual labor. Roentgenograms taken at the end of one year showed 
bony union but deformity' of the femoral head and neck due to preopcratnc 
absorption. 

Case 5. — M. M., a w'oman, aged 54, a housewife, was admitted to the hospital 
on Dec. 24, 1926, and discharged on Feb. 26, 1927. She was injured y a ^ 
on a level surface. A diagnosis of fracture of the middle part of the nec ' o i 
right femur was made. The fracture was of thirteen days duration. r mT] 

A "W^hitman spica was used for twelve days before operation. On Jan. ’ 
under ethylene anesthesia, two incisions were made. There was no s loc ' r 
treatment. The maximum temperature was 100 F., and the maximuni pi 
110. Pain was negligible. Suspension in a Hodgen splint was done fo 
after operation, then a short plaster spica in abductiom Tie pa 
with crutches and a spica si.x weeks after operation. e perio o ' 

was sirfy-three days. On September 22, the nail, winch was somenhat 

corroded, was removed. ...alk-ed without a 

In September, 1929, examination showed that the patient 

limp and no toeing out; she could sit normally, there level, and 

could cross her knees w'hile sitting. The trochanters were o flexion, 

there was no scar sensitiveness. The passive . internal rotation, 

thigh to abdomen; abduction, 30 degrees; adduction, e 




raplis show the functional results four years after operation 
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Comment.— Kgam a failure occurred that must be attributed to lack of know 
ledge. Impaction was not sufficient. Early function in the abducted position 
was not emphasized. On the evidence of a distorted roentgenogram, it \vas 
thought that the nail came too close to the joint surface and consequently it yic 
extracted too early. ' 

Case 7. E. R., a woman, aged 67, a dressmaker, was admitted to the Jiospita! 
on March 1, 1927, and discharged on May 5. She was injured by a fall on a 
level surface. A diagnosis of fracture of the middle part of the neck of the 
right femur was made. The fracture was of twelve days’ duration. Opinions 
as to advisability of operation differed because of the patient’s poor pb}sical 
condition. 

Before operation, suspension in a Thomas splint with 10 pounds of traction 
was done. On March 12, two incisions were made under ethylene anesthesia. 
There was no shock recjuiring treatment. The maximum temperature was 100 F, 
and the maximum pulse rate, 90. Ver}' little pain was felt. Suspension with light 



Fig. IS (case 7). — Roentgenograms made before operation and two months 
and one }^ear after operation. 


traction was done for four weeks after operation, then weight-bearing vdi a 
short plaster spica and crutches. The patient was discharged walking v ith crutc i 
Roentgenograms in May, 1928, showed bony union at the site of the rac ure. 
Examination in March, 1929, showed that the patient walked well 
support and with only a slight limp. There wms no permanent 
was motion in flexion to 100 degrees; abduction. 15 degrees, adducUon, 
internal rotation, 10 degrees and external rotation, 15 degrees. le pa i 
in November, 1929, from malignant disease, probably cancer of t ie s om. 

Comment. — The patient was in poor phj'sical condition, so much so ^ ‘ 

ability of operation was questioned. No shock occurred rom op 
because of general weakness the patient was slow to learn to va ^ 

operative course was marked by absence of pam. Roentgenogran s 
after operation showed bony union. _ hospifal 

Case 8. — ^A. T., a 'ivoman, aged 56, a laundress, was admittec 
on March 23, 1927, and discharged on June 21; she was rea m ^ 

1927, and discharged on April 11, 1928. Injury resu te of the left Raair 

surface. A diagnosis of fracture of the middle third o t le ne 
was made. The fracture was of ten daj's’ duration. 


A 
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Preoperative treatment consisted of traction in a Thomas splint. On April 2 
two incisions were made under ether anesthesia. The patient was in a stale of 
moderate shock, but required no special treatment. The maximum temperature 
was 101 F., and the maximum pulse rate, 90. Suspension in a Hodgen splint was 
uncomfortable so sandbags were substituted. One month postoperatively, phlebitis 
of the left leg developed. The patient walked with crutches two months post- 
operatively, but did not bear much weight on the injured leg. 

She was readmitted to the hospital on Nov. 18, 1927. She had been stajing 
in a nursing home where she walked with crutches but did little weight-bearing 
For the three -weeks previous to readmission she had not been able to bear any 
weight on the injured leg. Roentgenograms showed nonunion. On November 25, 
the nail was removed, and Whitman’s reconstruction performed. 

Comment. — The first operation failed, probably because of insufficient impaction 
The patient was onfy 56 years old, so the failure cannot be accounted for on the 



Fig. 17 (case 9). — Roentgenograms taken on April 29 and June 14, 1927, and 
two months after operation. 


basis of age. At the time of operation the direction of the nail had to be alter 
This additional trauma may have interfered with circulation sufficiently to acco 
for the nonunion. Other cases in which this had to be done have ^ 

union, however. This patient obtained a good result from the reconstru 
the hip and is now walking with a cane. 

Case 9. — L. C., a woman, aged 80, with no occupation, was ^ 

hospital on April 29, 1927, and died on August 19. She was injure J 
on a level surface. A diagnosis of fracture of the subcapital portio ^ 
of the right femur was made. The fracture was of a few lour 
The patient’s general condition was poor. 

The preoperative treatment consisted of suspension in shock 

May 4, one incision was made under ethylene anesthesia er^ ^aximti'i’ 
requiring treatment. The maximum temperature was jfartcd 

pulse rate, 118. There was a moderate amount of pain. T e pa 
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on exercises between three to four weeks after operation. She began to walk 
with a split plaster spica from seven to eight weeks postoperatively. Three weeks 
after operation there was a superficial stitch abscess which increased until a sinus 
was established down to the joint. The wound sepsis never cleared up. A positive 
blood culture, Staphylococcus aureus, was finally obtained, and the patient died 
on August 19, one hundred and five days after operation. Autopsy showed 
pyarthrosis, with nonunion, and nephritis. 

Covwunt. — This patient is the oldest in the series. She stood the operation 
well, and the immediate postoperative course was very satisfactory. Her tempera- 
ture was normal from the third day after operation until the twenty-first day. At 
this time a superficial stitch abscess developed. This extended and resulted in 
the condition which was the direct cause of the fatal outcome. This was the 
first case in which one incision was used; consequently the operative technic was 
simplified, and even though the patient was SO years old there was no postoperative 
shock requiring treatment. The importance of impaction even at this time was 
not sufficiently recognized. Roentgenograms taken at the end of two months 
showed no evidence of bony union, but no change in relationship of the bony 
fragments. 

Case 10. — W. W., a man, aged 22, a rigger, was admitted to the hospital on 
April 6, 1928, and discharged on November 27. He had been thrown between 
two turnstiles after catching his foot in a moving rope. A diagnosis of fracture 
of the distal part of the neck of the left femur, fracture of the middle third 
of the shaft of the left femur and fracture of the capitellum of the left 
humerus was made. The fractures were of one and one-half hours’ duration. The 
patient’s general condition rvas good. 

Prior to operation the fracture of the elbow was treated, and a Thomas splint 
with traction was used for the left hip. On April 9, one incision was made under 
gas oxygen and ether anesthesia. There was no shock requiring treatment. The 
maximum temperature was 101 F., and the maximum pulse rate, 130. Pain was 
negligible. Suspension in a Thomas splint with skeletal traction was applied 
for six weeks after operation, then a plaster spica for twelve weeks. On August 23, 
eighteen weeks after operation, the patient refractured the femoral shaft while turn- 
ing over in bed. The period of hospitalization was eight months at the first 
admission. 

On August 31, open reduction of the fracture of the shaft of the left femur 
was done for nonunion. The Sherman plate and osteoperiosteal graft were used. 

On Aug. 21, 1929, the nail and Sherman plate rvere removed. A walking 
caliper splint was used until June, 1929, then the patient walked with a cane. 

In October, 1929, examination showed that the patient walked with a slight 
limp and did not toe out. He could sit well back in a chair and could cross his 
knees without difficulty. The trochanters were of the same level; the scars were 
elastic and not tender. Passive motions were as follows ; internal rotation, 20 
degrees; external rotation, 35 degrees; abduction, 30 degrees; flexion, complete; 
extension, 15 degrees hyperextension. The active motions were the same as the 
passive. In the knee there was permanent flexion of 5 degrees and motion in 
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flexion of 70 degrees. Shortening of 54 and atrophy of the thigh of inches 
were noted. 

Comment — This case is interesting because of two fractures of the femur; 
one had to be eliminated in order to treat the other satisfactorily. The hip 
fracture w^as consequently nailed, and the shaft fracture treated by skeletal traction. 
Progress was satisfactory until a bivalved plaster spica w'as applied and exercises 
started. The patient then refractured the femoral shaft, and plating accompanied 
by osteoperiosteal graft had to be resorted to. There w’as a successful outcome 



Fig. 19 (case 11). — Roentgenograms taken before operation and four and six 
weeks after operation. 


of both fractures but limitation of knee motion because of prolonged immobiliza- 
tion. The nail and Sherman plate w’ere later remo\ed, not because of any local 
condition demanding it, but because of the feeling of the fracture service that 
hardware should be remo^ed after it had ceased to function. Roentgenograms 
showed bony union at the end of six months. 

C.\SE 11— A. N., a w'oman, aged 52, was admitted to the hospital on Aug. 2, 
1928, and died on October 4. She was injured by a fall on a level surface. A 
diagnosis of fracture of the subcapital portion of the neck of the right femur was 
made. 
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Prior to operation, the patient was placed on a Bradford frame, with a pillow 
and side splints to the leg; later traction and a Thomas splint were used. On 
August 9, one incision was made under ethylene anesthesia. There was no shock 
requiring treatment. The maximum temperature was 100 F., and the maximum pulse 
rate, 100. Suspension and light traction were applied for sixteen days after opera- 
tion, then the patient walked with crutches and a short spica ; no pain was felt. The 
period of hospitalization was sixty-four days. 

Comment . — Eight weeks after operation, the patient was walking about the ward 
on crutches when she suddenly collapsed and died in twenty-four hours. Autopsy 
demonstrated acute hemorrhagic pancreatitis as the cause of death. The hip 
showed excellent position of fragments and bony union, which was demonstrated 
microscopically and by roentgenograms of the specimen removed. This was the 
second case in which impaction was purposely produced at the time of operation, 
and this unquestionably accounted for bony union. 

Case 12. — S. M., a woman, aged 66, a housewife, was admitted to the hospital 
on Aug. 11, 1928, and discharged on October 30. She was injured by a fall on 
the level surface. A diagnosis of fracture of the distal third of the neck of tl^ left 
femur was made. The fracture was of fourteen days’ duration. The patient’s 
general condition was poor because of a cardiac condition. 

Preoperative treatment consisted of suspension in a Thomas splint with light 
traction, digitalization and rest. On August 24, one incision was made under 
spinal anesthesia. There was no shock requiring treatment. The maximum 
temperature was 101 F., and the maximum pulse rate, 120. Pain was very slight. 
Suspension in a Thomas splint with traction was applied for four weeks, then 
walking caliper without weight-bearing for four weeks. Weight-bearing began 
two months postoperatively. The patient was discharged using crutches and 
a toe drop splint. The toe drop, which was not accounted for, developed post- 
operatively. The period of hospitalization was eighty days. The patient returned 
to preoperative activities eleven months postoperatively, July, 1929. 

In May, 1930, examination showed that the patient walked with a slight limp 
and slight toeing out. She sat normally and could cross her knees while sittina- 
The left trochanter was about one-half inch above the right; the scar was not 
sensitive. Passive motions were as follow^s: internal rotation, 5 degrees, extern 
rotation, from 25 to 30 degrees; adduction, 15 degrees; abduction, 10 degr , 
flexion, normal; hyperextension, 15 degrees. Active motions were the same. 
the knee extension and flexion \vere complete. There was three-eighths o 
shortening and no atrophy. 

Comment . — Digitalization was done before operation. This is the hr 
which spinal anesthesia was used. The postoperative toe drop clea P 
months. The end-result was excellent. Roentgenograms showe 
at the end of one year. .,^1 

Case 13.— C. C., a woman, aged 55, a housewife, was 
on Aug. 13, 1928, and discharged on October 25. She was injure } 
stairs. A diagnosis of fracture of the distal third of the nec o 
was made. The general condition of the patient, who was o e , 
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On August 24, one incision was made under spinal anesthesia. There 
was no shock requiring treatment. The maximum temperature was 100 F., 
and the maximum pulse rate, 95. Pain was negligible. Suspension in 
a Thomas splint with light traction w'as applied for ten days, then a short 
plaster spica was used. The patient was ambulatory three w^eeks later; weight- 
bearing without crutches was allowed eight weeks postoperatively. The period 
of hospitalization was seventy days. The patient returned to preoperative activities 
three months after operation. 

In August, 1929, examination show’ed that the patient could walk without a 
limp or toeing out, could sit well back in a chair and could cross her knees while 
sitting. The left trochanter w'as one-quarter inch higher than the right; the 
scar was elastic and not sensitive. Passive motions were as follows : internal 
rotation, 15 degrees ; external rotation, 40 degrees ; abduction, 30 degrees ; adduc- 
tion, 15 degrees; flexion, 120 degrees; extension, ’ complete. Active motions were 
the same as the passive. In the knee there was complete flexion and complete 
extension. There was no shortening or atrophy. 

Comment . — ^The distal third of the neck of the left femur was fractured. Roent- 
genograms at the end of six months show'ed bony union. 

Case 14. — C. J., a woman, aged 66, a laundress, w'as admitted to the hospital 
on Sept. 2, 1928, and discharged on October 31. She w'as injured by a fall down- 
stairs. A diagnosis of fracture of the middle part of the neck of the left femur 
was made. The duration of the fracture was eight days. 

Preoperative treatment consisted of digitalization and a Thomas splint with 
light traction. On September 10, one incision was made under spinal anesthesia. 
There was no shock requiring treatment. The maximum temperature was 101 F., 
and the maximum pulse rate, 110. Pain was negligible. Suspension in a Thomas 
splint with light traction was applied after operation. Three weeks postoperatively, 
a short plaster spica was used, and weight-bearing was allowed. The period of 
hospitalization was fifty-six days. 

In March, 1930, examination showed that the patient walked with a limp and 
toed out. She sat well back in a chair; there was no lordosis, but she could not 
cross her knees while sitting. Passive motions were as follows ; internal rotation, 
10 degrees; external rotation, 25 degrees; abduction, 25 degrees; adduction, 15 
degrees; flexion, 90 degrees; permanent flexion, 5 degrees. Active motions were; 
internal rotation, from 5 to 10 degrees; external rotation, from 15 to 20 degrees; 
abduction, 25 degrees ; adduction, from 5 to 10 degrees ; fle.xion, 70 degrees. In 
the knee, extension lacked 5 degrees and there was motion in flexion to 120 degrees. 
Shortening of 1I4 inches and slight atroi>hy were noted. 

Canniiciit . — In July, 1929, nine months after discharge from the ^Massachusetts 
General Hospital, the patient fell, sustaining a subtrochanteric fracture of the 
same femur. She was treated at another hospital, in bed, for eleven weeks. This 
fracture united, but in malposition resulting in marked shortening. In spite of 
this, hip motions remained excellent. Roentgenograms showed bony union, although 
there was considerable deformity of the head and neck of the femur. 
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Case 15.— A. B., a woman, aged 62, a telegraph operator, was admitted to the 
hospital on Feb. 15, 1929, and died on March 14. She was Injured by a fall on 
the stairs. A diagnosis of fracture of the middle part of the neck of the left femur 
was made. The fracture was of si.x days’ duration. 

Preoperative treatment consisted of suspension in a Thomas splint with light 
traction. On February 21, one incision was made under spinal anesthesia. There 
was no shock requiring treatment. The maximum temperature was 105 R, and the 
maximum pulse rate, 130. Pain was negligible. Postoperative treatment consisted 
of suspension with mild traction and a Thomas splint. The period of hospitalization 
was twenty-eight days. 

Comment . — On the morning of the operation the patient had a temperature 
of 102.8 F., which was not brought to the attention of, the surgeon. After opera- 
tion, the temperature dropped steadily to normal on the sixth day. During this 
time she was listless, very much distended and refused practically all her feedings. 



Fig. 23 (case 15). — Roentgenograms taken before operation and two days after 
operation. 


On the eighth day, tlie temperature began to rise steadily to 105 F., where it 
remained until the time of her death, twenty-one days after operation. Her 
pulse remained between 100 and 120. There was no local evidence of infection 
until the fifteenth day after operation. On that day the wound began to discharge 
sero.sanguineous material; culture showed Staphylococcus aureus. Blood culture 
showed the same organism. An autopsy was not obtained. Postoperative roent- 
genograms showed excellent position of the nail with complete reduction of the 
fracture. The postoperative course suggests probable hematogenous infection. 

C.\sn 16.— .■\. H., a man, aged 36, a bookbinder, was admitted to the hospital 
on Feb. IS, 1929, and discharged on April 13. Injury was caused by a fall on a 
level surface. A diagnosis of fracture of the middle part of the neck of the left 
femur was made. The fracture was of five weeks’ duration. The patient’s general 
condition was excellent. 
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A Whitman spica was used for five weeks prior to operation. On March 23, 
one incision was made under ether anesthesia. There was no shock, and the post- 
operative course was entirely uneventful. Pain was negligible. Weight-bearing in 
a short spica was done eleven days after operation. The patient was discharged 
from the hospital twenty-one days after operation. 

One year after operation the patient walked without a limp, and there was no 
shortening. Motions of the left hip were the same as on the right. Motions of 
the knee joint were normal. 

CommcnI . — This patient was operated on in Oslo, Norway, consequently the 
notes are not as complete as in the cases personally followed after operation. 
The patient had excellent attention from the surgeon in charge. Dr. Wideroe, 
and got up on the eleventh day after operation, walking in a short spica with 
crutches. This is the earliest weight-bearing in any case. The result is remark- 
able. Results of the e.xamination were furnished me by Dr. W^ideroe who saw the 
patient one year after operation. The roentgenograms taken at the end of four 
months showed bony union. 

Case 17. — G. L., a woman aged 48, a bookkeeper, was admitted to the hospital 
on March 15, 1929, and discharged on June 10. She was injured by a fall on a 
level surface. A diagnosis of fracture of the middle third of the neck of the left 
femur was made. The fracture was of twenty-seven days’ duration. The 
patient’s general condition was fair, being complicated by syphilis of the central 
nervous system. 

Preoperative treatment consisted of a Thomas splint and traction. On March 
23, one incision was made under spinal anesthesia. There was no shock requiring 
treatment. The maximum temperature was 102 F., and the maximum pulse rate, 
100. Pain was negligible. Suspension in a Thomas splint and light traction were 
used for three weeks, then weight-bearing with a short plaster spica and crutches. 
The period of hospitalization was ninety daj'S. 

In March, 1930, examination showed that the patient walked with a sliglit 
limp, toed out slightly, could sit normally, had no lordosis and could cross her 
knees while sitting. The troclianters were on the same level ; there was no scar- 
sensitiveness. Passive motions were as follows: internal rotation, 15 degrees; 
e.xternal rotation, 25 degrees; abduction, 25 degrees; adduction, 15 degrees; 
flexion, 90 degrees, and complete extension. Active motions were : internal rotation, 
10 degrees; external rotation, 20 degrees; abduction 25 degrees; adduction, 15 
degrees, and flexion, 90 degrees. In the knee there was complete extension and 
motion in flexion to 90 degrees. There was no shortening or atrophy. 

Coiiiincnt . — The patient's condition was complicated by syphilis of the central 
nervous system. An excellent functional and anatomic result was obtained. 
Roentgenograms showed bony union at the end of nine months. Bony union in 
tabes speaks well for the method. 

Case IS. — S. B., a woman, aged 48. a housewife, was admitted to the hospital 
on July 15, 1929, and discharged on August 22. She was injured b\' a fall on a 
level surface. diagnosis of old, ununited fracture of the middle portion of the 
neck of the left femur was made. The fracture was of nineteen months’ duration. 
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Fiff. 26 (case IS). — Roentgenograms taUen liefore operation and one, three, seven and fifteen months after operation. The photographs 
''how the functional results eleven months after operation. 
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The patient had been treated in another hospital by a Whitman piaster for hvo 
months, followed .by a brace, physiotherapy and later crutches. Nonunion resulted. 
On July 19, one incision was made under spinal anesthesia. There was no shock 
requiring treatment. The maximum temperature was 100 F., and the maximum 
pulse rate, 100. Pain was negligible Postoperative' treatment consisted of suspen- 
sion in a Thomas splint with mild traction. Hxercises were started in one Aveek, 
and the patient began to walk with a leather "spica in four weeks. The period of 
hospitalization was forty-eight da)’^s. 

In July, 1930, examination showed 100 degrees of flexion, complete extension 
and abduction of 30 degrees. As the patient lives in a distant city, examination 
of the end-resuits is not complete. 

Comment. A remarkably good functional and anatomic result was obtained 
in this case in spite of nineteen months’ nonunion. Roentgenograms demonstrated 
solid bony union, and the photographs showed excellent function. 

Case 19. — E. D., a man, aged 72, with no occupation, was admitted to the 
hospital on June 29, 1929, and discharged on September 4. He was injured by a 
fall downstairs. A diagnosis of fracture of the middle part of the neck of the 
right femur was made. The duration of the fracture was fourteen days. The 
patient’s general condition was fair. 


Preoperative treatment consisted of suspension in a Thomas splint with trac- 
tion, On July 13, one incision was made under spinal anesthesia. There was no 
shock requiring treatment. The maximum temperature was 109 F., and tlic 
maximum pulse rate, 100. The patient was irrational for a week postoperativcly, 
owing, it was thought, to cerebral arteriosclerosis. After this, convalescence was 
uneventful. Weight-bearing was begun at Ihe end of the third week with crutclies 
and a short plaster spica. The period of hospitalization was sixty-seven days. The 
patient was discharged wearing a short spica and walking with crutches. There 
was flexion of 80 degrees, complete extension and very little motion in rotation. 

In September, 1929, examination showed that the patient could walk with a cane 
without pain, that he toed out, could sit well back in a chair, but could not cross 
his knees while sitting. The right trochanter was one-fourth inch higher than 
the left. The scar was elastic, but not sensitive. Passive motions 
follows : permanent external rotation, 20 degrees ; external rotation, from 
25 degrees; abduction, 15 degrees; adduction, 10 degrees, flexion, 8 
permanent flexion, 20 degrees. The active motions were the same as the p^ - 
In the knee, extension was complete, and there rvas 70 degrees flexion, 
of one-half inch and slight atrophy were noted. 

Comment . — A good stable hip was obtained, although there nas lim' 
motion due to hypertrophic changes. Absence of pain was an outsta ) g _ 
throughout the treatment. Roentgenograms showed bom union nt m ' 


trophic changes. . , 

Case 20.— J. McA., a man; aged 66, a laborer, was admitted to the 

in 1 0'90 rii->rT ttroC ro-pfl on Tulv 30. He was injure } _ 


May 10, 1929, and was discharged on July 30. He was “’F”' fennir was 

stairs. Diagnosis of fracture of the middle part of the^nec condition 


made. The duration of the fracture was twenty-one 


of the patient was fair. 





750 


ARCHIVES OF SURGERY 


Preoperatiye treatment consisted of digitalization and suspension ,n a Thom.= 
sphnt with light traction. On May 25, one incision was made under spinal 
anesthesia. There was no shock requiring treatment. The maximum temperature 
was 100 F., and the maximum pulse rate, 100. Pain was negligible. Suspension ,n 
a Thomas splint with light traction was used for six weeks, weight-bearing with a 
plaster spica and crutches for two weeks, then weight-bearing with crutches alone 
There was no pain in the hip, but some in the knee. 



Fig. 2S (case 20). — Roentgenograms taken before operation and three days 
and two months after operation. 



Fig. 29 (case 21).— Roentgenograms taken before operation and three da^s 
after operation. 


The end-result was not obtained as the patient died on October - 

hemorrhage. ttaiUig: 

Comment.— This patient made an uneventful convalescence an 
well with crutches at the time of discharge from the hospita cannot he 

months after operation with no further roentgenogram, months po'*' 

classified as to success or failure. Roentgenograms ta 'e 
operatively showed apparent beginning bony union. infirinary, 

Case 21.— S. R., a woman aged 51, an inmate of the ^ She 

admitted to the hospital on July 14, 1929, and discharge 
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was injured by a I'all on a level surface. A diagnosis oi fracture of the middle 
portion of the neck of the left femur was made. The fracture was oi 
twelve days' duration. The patient's general condition was poor. She had cerebral 
spinal syphilis and had been an inmate of the state institution for two years. 
There was a history of “shock” at the age of 41 involving the left side of the face 
and the right arm and the leg. There was still marked weakness of these members. 
The Wassermann tests of the spinal fluid and blood were negative at entry. 

Prior to operation, suspension in a Thomas splint with light traction was used. 
On Juh' 26, one incision was made under spinal anesthesia. There was no shock 
requiring treatment. The temperature was normal until the fifth day postoperatively. 
when it reached 101 F.. and on the seventh day. 103 F.. due to cystitis. Postopera- 
tive treatment consisted of suspension in a Thomas splint with light traction, and 
then weight-bearing with a short plaster spica four weeks postoperatively. The 
patient was discharged on September 13. after a period of hospitalization of eight 
weeks. -A.t that time the hip was in full extension, with 20 degrees of flexion. 5 
degrees of internal and external rotation. 15 degrees of abduction and 10 degrees of 
adduction. There was no shortening or pain. 

Cniinncitl . — The patient was discharged to the state infirmajy and was not 
examined again. She died on Jan. 21, 1930, a little over si.x months after operation. 
The primary cause of death was “neurosyphilis." -A.s there was no end-result 
study, or roentgenograms made after discharge, this case has to remain unclassi- 
fied as to success or failure. Postoperative roentgenograms showed good appo- 
sition of the fragments and good position of the nail. 

C.tSE 22. — .A. C, a woman aged 54, with no occupation, was admitted to the 
hospital on July IS, 1929, and discharged on September 14. She was injured 
by a fall on a level surface. .A. diagnosis of old. ununited fracture of the middle 
portion of the neck of the left femur was made. The patient fell in December, 1927 
(nineteen months before admission), fracturing the neck of the left femur. She was 
on traction for si.x weeks, then ambulatory on crutches. Her condition at the time 
of admission was good except for her blood pressure which was 240 systolic and 149 
diastolic. 

Otiicr than general care no specific treatment was given prior to operation. 
On July 2.''. one incision was made under spinal anesthesia. .A nail without a 
head was driven through the femoral head from within out. The trochanter was 
transplanted downward on the shaft of the femur. There was no shock requiring 
treatment. The maximum temperature was 100 F., and the maximum pulse rate. 
KX). A cry little pain was experienced. .A double plaster spica was usc-d for four 
weeks, followed by a short single spica and weight-bearing with crutches. The 
period of hospitalization was fifty-seven days. 

In November. 1929. examination showed the patient walking with crutches, 
with only a slight limp and no toeing out. She could sit well back in a chair: 
there was no lordosis, but she could not cross her knees while sitting. The scar 
was mobile but not sensitive. Passive motions were as follov.- 5 : inten:al rotation, 
from a to 10 degrees: e.xternal rotation, from 15 to 20 degrees: abduction 20 
degrees: adduction. 15 degrees: flexion. SO degrees, and hypere.xtension. 10 degrees. 
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Fig. 31 (case 23). — Roentgenograms taken before operatfon and two days, six weeks, eleven weeks and thirteen months after operation. 
The photographs show the functional results seven months after operation. 
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Active motions were: internal rotation, 5 degrees; external rotation, 15 degrees- 
abduction, 20 degrees; adduction, 15 degrees; flexion, 70 degrees; hyperextension’ 
10 degrees. In the knee there was: complete extension and flexion to 110 degrees 
There was shortening of 2 inches. 

Comment.— This patient was last seen five and one-half months postoperatively, 
at which time she was walking with a cane and the hip showed excellent function! 
The roentgenograms showed no change in the relationship of the fragments, but 
bony union was not demonstrated. For the past ten months the patient has been 
confined to a psychopathic institution in a distant city, and consequently further 
examination has not been possible. 


Case 23. — J. C., a woman, aged 67, a housekeeper, was admitted to the hospital 
on Aug. 5, 1929, and discharged on November 6. She was injured when she was 
struck by an automobile. A diagnosis of fracture of the middle portion of the 
neck of the right femur was made. The head of the femur was dislocated. The 
fracture was of ten days' duration. 

The local doctor, who \vas under the impression that the condition was an 
uncomplicated dislocation of the hip, attempted to reduce it under ether anesthesia, 
but was unable to do so and referred the patient to the Phillips House. On 
August 8, one incision was made under spinal anesthesia. The head of the femur 
was found dislocated and pointing anteriorly. The ligamentum teres was com- 
pletely torn, and the capsule was severely lacerated. The head of the femur was 
removed and placed in the acetabulum, and tbe fracture reduced and fixed with a 
nail. Suspension and light traction were used for four weeks, followed by the use 
of a leather spica with weight-bearing. The period of hospitalization was ninety- 


three days. 

In August, 1930, examination showed that the patient walked with a slight 
limp, toed out slightly and sat well back in a chair. She could not cross her 
knees while sitting. There were permanent flexion of 15 degrees, permanent 
external rotation of 5 degrees, additional external rotation of 10 degrees and 
motion in flexion of 10 degrees. In other words, the hip was practically stiff. 


Comment. — During her convalescence the patient had a slight temperature o 
unknown origin until undulant fever was discovered. Since discharge from t le 
hospital, she has been readmitted on two occasions for roentgenograms an 
instruction in walking. She has a stable, painless hip, but there is mar 'cc 
limitation of motion due to hypertrophic changes, the result of the origuia se\ere 


trauma. The roentgenograms showed bony union. 

Case 24.— J. P. R., a man, aged 50, a professor, was admitted to 
on Aug. 23, 1929, and discharged on November 12. He was ^ ^ ^ . 

marble floor. A diagnosis of old ununited fracture of the mi ^ ° - 

neck of the femur of the left hip was made. The fracture was o 


duration. _ _ ..tnpcs of tbe 

The picture was complicated by an extensive polioni) e itis, we 

knee extensors and absence of the foot extensors on the side o t e jIjp 

patient was treated at another hospital on a Bradford frame vi 
original roentgenograms showed “impacted” fracture. At tie en 
the patient was sent home, still recumbent. He began 3 ^s taken 

1928, and since then has been walking with two canes. Koen „ 
fifteen months after injury showed nonunion. , There was <|uitc 

On August 26, one incision was made under spinal anest iesia^ fifteen monfli-s 
satisfactory reduction considering the marked bone atrop } u nia.xinuim 

disuse and poliomyelitis. There was no shock requiring trea 
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temperature was 100 F. Pain was negligible. Suspension with 5 pounds of trac 
tion was used for five weeks after operation, then the patient was allowed to walk 
with a leather spica and crutches. The period of hospitalization was eighty-one 


In October, 1930 (fourteen months postoperative), examination showed the 
patient to be walking with crutches but bearing almost full weight, without pain 
on the side on which operation had been performed. He could sit well back in a 
chair. Active motions were as follows : complete extension ; fle.xion, 120 degrees : 
adduction, 15 degrees: abduction, 15 degrees; internal rotation, 10 degrees; e.xternal 
rotation, from 15 to 20 degrees. The passive motions were the same as the active. 

Comment— A particularly good result was obtained in view of the fact that 
there was nonunion of fifteen months’ standing which was also complicated by 
poliomyelitis of the injured extremity. Roentgenograms showed bony bridges 
extending across the line of fracture, but union was not yet complete. 


SUMMARY 

The first twenty-four cases in wliich this inetliod of treatmeitt was 
used are here reported. In four, no end-result can be recorded for the 
following reasons; 

In case 18 (see case records), the patient was discharged liome at 
the end of two months. At that time the roentgenograms showed 
apparent beginning bony union. The patient lived some distance from 
the hospital and was unable to report for examination. At the end of 
five and a half months he died from cerebral hemorrhage. At the time 
of his death he was getting along well, being able to walk with crutches or 
a cane, but since we have no final roentgenograms we cannot classify the 
result as to success or failure. 

In case 21 (see case records), the patient was discharged to the 
slate infirmai'}' six weeks after operation. Roentgenograms taken before 
discharge showed good position. The patient died six months postoper 
atively without any additional roentgenograms being made. I\emo 
syphilis” was the cause of death. Again the available roentgenograms 
were taken too soon after operation to decide the question of bom unioi . 

In case 22 (see case records), we undertook operation in the 
of nonunion of two and one-half years’ duration. The opeiation co 
sisted in a reconstruction operation, the remains of the head jem^ nai 
on the shaft. Postoperative roentgenograms ^ ‘ 

ship of head, shaft and trochanter. When the patient was as 
five and a half months postoperatively, she had excellent tine i 
was able to walk even without a cane, but she did use a 
time. Roentgenograms five and a half months aftet opera lo 
clearly demonstrate bony union. The patient is now m an 
without equipment for roentgenograms, consequently no en 
he recorded. 
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In case 24 (see case records), operation was undertaken after hftcen 
months of nonunion. Fourteen months have elapsed since operation ; 
the patient has excellent function, and the relationship of head and neck 
has not changed. The last roentgenogram showed definite bony bridges 
across the fracture line, but bony union is not as yet complete. We 
consequently prefer to classify this case as a case without an end-result. 

The end-results of the remaining twenty cases are as follows; bony 
union, fifteen (75 per cent) ; nonunion, three (15 per cent), and deaths 

(from sepsis), two (10 per cent). 

In the fifteen cases of bony union there was not only bony union 
but excellent functional results. In some of these cases, there is a cer- 
tain amount of discomfort and stiffness because of hypertrophic changes. 
Two patients have marked limitation of ibotion (see reports of cases 
20 and 23). The hypertrophic changes have been demonstrated by 
roentgenogram from the first and are interpreted as due to the original 
trauma causing the fracture. 

The three cases of nonunion occurred during the first two years 
when the technic of the operation had not been developed to its present 
stage and when the efficiency of the method had not been definitely 
proved. 

In case 3 (see case records), nonunion occurred in a woman of 60. 
Analyzing the postoperative roentgenograms, we find that the nail did 
'not sufficiently penetrate the head. Furthermore, there was no evidence 
of impaction. Both of these errors have been eliminated in later cases. 

In case 4 (see case records), the nail was removed three months after 
it was inserted. The roentgenogram was responsible for the removal of 
this nail. It showed the nail in close proximity to the joint surface, and 
it was feared that damage might come to the joint if the nail were left 
in. There had been no evidence of absorption about the nail, and the 
apposition of the fragments was excellent. If our experience had been 
more extensive, the nail would not have been extracted, and the fracture 
would probably have gone on to bony union ; but, because of our lack of 
experience, we did not have the courage to leave the nail in. After 
removal of the nail, nonunion ocefirred. 

In case 8 (see case records), postoperative roentgenograms showed 
absence of impaction but good relation of the fragments. At the time 
of operation the direction of the nail had to be altered. This additional 
trauma may have interfered with circulation sufficientlv to account for 
nonunion. Other cases in which this error in technic was present have, 
however, gone on to union. In this particular case the neck was absorbed 
and nonunion resulted. Six months after the first operation, the nail 
was removed and a Whitman reconstruction performed. The patient 

has now a very good result from this procedure, but pain is present and 
she uses a cane. 
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Thei'e have been no immediate postoperative deaths in this series 
but two patients died of sepsis. In case 9 (see case records), the’ 
patient did extremely well after the operation. She was 80 years old, 
the oldest patient in the series. For three weeks she had a normai 
temperature, but at the end of this time a superficial stitch abscess devel- 
oped. Her resistance to sepsis was evidently low, for at the time of her 
death, one hundred and five days after operation, the infection had 
extended to her hip joint. 

In case 15 (see case records), infection was in all probability hema- 
togenous in origin. On the morning of the operation the patient had 
a temperature of 102.8 F. which was not called to the attention of the 
surgeon. This temperature was evidence of a general infection, which 
in the presence of the operative proceditre produced local sepsis. 

Our experience emphasizes the fact that older patients have a low- 
ered resistance to infection and consequently every precaution must be 
taken to avoid sepsis, A hematoma is ideal soil for bacterial growth; 
consequently, hemostasis should be as nearly perfect as possible. This 
is a particularly important point when spinal anesthesia is used. With 
this type of anesthesia we have a temporary drop in blood pressure, and 
as a consequence bleeding is reduced to a minimum during the operation. 
When the blood pressure rises postoperatively, there is apt to be con- 
siderable oozing, resulting in a hematoma. To prevent this from hap- 
pening, a compression spica is helpful. 

Aseptic technic cannot be sufficiently emphasized in these cases. An 
unaccounted for temperature following any operation on the hip 
demands early exploration of the wound in the operating lOom. 

The age of the patients was as follows*. 


20 to 30 years ^ 

2 

30 to 40 years 

2 

40 to 50 years 

50 to 60 ^ 

60 to 70 years 

70 to 80 years ^ 

80 to 90 years 

Total 

It is interesting to see from these statistics that the majo i } 

patients were between 50 and 70 3 ^ears of age. intwstanding, 

In four of the twenty-four cases nonunion was of longs 

as follows: one case, ten months; one case, fifteen mon 
nineteen months, and one case, two and one-ha }ear 
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In three of these cases of nonunion, bony union was obtained. In 
the fourth case, that of two and one-half years’ duration, there was an 
excellent functional result when the patient was last seen, five and a 
half months after operation, but the bony union was questionable. This 
is one of the cases classified as having no end-result. The fact that 
bony union has been achieved in these cases of nonunion of long dura- 
tion speaks well for the method. 

. CONCLUSIONS 

In the treatment for joint fractures, anatomic reduction and early 
function are the two outstanding principles. Heretofore, the different 
methods of treatment for fi'actures of the neck of the femur have accom- 
plished but one of these. Anatomic reduction has been achieved in the 
majority of cases, but early function has been impossible. The internal 
fixation of the fracture brought about by the three-flanged nail is abso- 
lute in all directions. Furthermore, it is a sustained fixation as well. 

Because of this absolute, sustained fixation, postoperative immobili- 
zation is eliminated and early function is made possible. Early function 
means better chance of bony union and better ultimate function. 
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Consequences of Increased Mediastinal Pressure . 

Effect on the Heart and Large Blood Vessels 
Effect on the Trachea, Bronchi and Lungs 
Effect on the Vagos 3 nTipathetic Plexuses 
Mechanism of Production and Report of Cases 

Rupture of the Alveoli Without Injurj' to the Visceral Pleura 
Trauma 

Crushing Blows to the Chest Without Injury to the Wall of the Chest 
Resuscitation of the New-Born 
Expulsive Efforts During Labor 
Accidents During Birth 
Disease 

Rupture of Lung and Visceral Pleura-Tension Pneumothorax 
Trauma 

Crushing Blows to the Chest With or Without Injury to the Thoracic 
Wall • 

Perforation of the Lung by Foreign Bodies 
Operative Wounds of the Lung 
Disease 

Artificial Pneumothorax 
Injury to the Upper Air Passages 

Operations in the Pleura! Cavit}' Without Injury to the Lung 
Sources of Mediastinal Air Other Than the Respiratory Apparatus 
Operations at the Base of the Neck 
Open Wound of the Diaphragm 
Rupture of the Esophagus 
Open Wound of the Intestinal Tract 
Treatment 

Summary and Conclusions 

Mediastinal emphysema occurs much more frequently than the 
available literature leads one to believe. There are onl} a fen 
reported in the English literature, and in these reports die sit,ni 
cance of the complication is not emphasized. It is a complicahon tia 
may present itself in a great variet}'^ of diseases. The mechanisms 
production are numerous, but the symptoms produced are constan 
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significant. Many cases end fatally, the real cause of the severe 
symptoms often being obscure until revealed at autopsy. In some 
instances death can be avoided by early recognition of the condition 
and by the application of suitable treatment. 

The clinical picture of mediastinal emphysema seems to be dependent 
on the effects of increased mediastinal pressure. Slight variations m 
the picture are probably due to nervous reflex impulses having their 
origin in the vagosympathetic plexuses. This point, howevei, lecjtuies 
further experimental evidence. 

The cases herein reported demonstrate some of the vai ious cir- 
cumstances under which mediastinal emphysema can occur. One unusual 
case is reported — the result of an accident occurring during an operation 
on the upper part of the abdomen. I was not able to find another sucn 
case reported in the literature. 

CONSEQUENCES OF INCREASED MEDIASTINAL PRESSURE 

Tlie term “mediastinal pressure" as used here refers to a diffuse 
pressure and not to localized pressure such as is caused by hemorrhage, 
abscesses, etc. A review of the reported experimental work and clinical 
cases, along with a study of some cases occurring in this hospital, has 
indicated that the effects of mediastinal emphysema are the result of 
increased mediastinal pressure. 


EFFECT ON THE IlE.MiT AND LARGE BLOOD VESSELS 


Jehn and Nissen ’ have shown that there arc no noticeable outward 
changes until the intramediastinal pressure reaches about zero. After 
the pressure reaches zero, changes do occur and progress rapidly, 
depending on the amount of pressure and the rapidity of increase. The 
first change noted is that I'espiration becomes shallow and slightly 
quickened. Soon afterward there is a drop in blood pressure. They 
stated that any increase in mediastinal pressure can take place only by 
cotnpression of some other intrathoracic structure. The elastic, easily 
compressed systemic and pulmonary venous walls are then the first to 
be affected. By compression of the systemic veins, the flow of blood to 
the right auricle is diminished. At the same time compression of the 
pulmonary veins diminishes the flow to the left auricle, thus producing 
congestion of the peripheral veins and congestion of the lungs. They 
found that by the injection of air it was possible to increase the medias- 
tinal pressure from the normal minus 4 to plus 35 mm. of water and 
to get extreme changes in the animal; marked dilatation of the periph- 
dyspnea, a marked drop in iilood pressure and 


1. Jehn, W., and Nissen, R. : Pathologic und Klinik des 
scms, Deutsche Ztschr. f. Chir. 206:221, 1927. 


Mediastinalemphy- 
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pulmonary congestion. Yet recovery took place if the injection was 
stopped. When more air was injected and death occurred, they found 
a constant picture at autopsy. The large veins were “pressed together” 
and surrounded with large bubbles of air. The loose areolar tissue of 
the mediastinum was greatly distended with air. The systemic veins 
were greatly engorged beyond the place where they enter the medias- 
tinum. Changes were not noted in the contour of the arteries or of 
the trachea. 

Fiom a seiies of expeiiments, Achard” reported that many times, 
when air was injected into the mediastinum, large collections were found 
over the anterior surface of the pericardium. This, by its location and 
volume, considerably restricts the contractions of the heart as would a 
pericardial effusion. 

Jehn ^ reported a case which at autojDsy revealed the heart compressed 
to such a degree that it contained no blood. The arteries and veins were 
empty ; only the large veins of the body and the pulmonary veins within 
the lungs contained blood. These were greatly dilated with very dark 
blood. 


EFFECT ON THE TRACHEA, BRONCHI AND LUNGS 


According to Jehn and Nissen,^ the changes in blood pressure are 
due to several factors. The initial fall in blood pressure is due to 
diminished filling of the left auricle, because the pulmonary veins are 
the first to be compressed. The secondary rise in blood pressure is 
temporary and due to increased respiratory efforts. When still more 
air is injected, there is a constant and characteristic drop in blood 
pressure, and an increase in pulse rate, because the vena cava is now 
compressed, and filling of the right auricle is hindered. 

They stated that pulmonary congestion is an early finding in medias- 
tinal emphysema, for the reason that air first collects in the niche of the 
aortic arch. The aorta is pushed to the left, thus making definite com- 
pression at the confluence of the pulmonary veins. Compression takes 
place here before any noticeable changes take place in the systemic 
veins ; therefore, dyspnea is seen early. Dyspnea is caused by con 
gestion and not by tracheal or bronchial compression. Even a Ut, i 
grade of mediastinal pressure does not compress the trachea. 

Ballon and Francis " were able to show essentially the same effects 
of increased mediastinal pressure by the use of a rubber balloon p a 


2. Achard, C. : Etude experimentale de I’emphyseme du niediastin, Bull. Acad. 

de med., Paris 80:609, 1918. i • apc Afediastina- 

3. Jehn, W. : Ein Beitrag zur IClinik und Pathologic des 

Emphysems, Deutsche Ztschr. f. Chir. 140:398, 1917. „ • • Medias- 

4. Ballon, H. C., and Francis, B. F. : Consequences o 19:1627 

tinal Pressure: Mediastinal and Subcutaneous Emphysema, Aren. 

(Dec.) 1929. 
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in the mediastinum. It was so arranged that they were able to inject 
or withdraw air at will. When air was injected, they recorded a mariced 
drop in blood pressure and a decrease in respiratory amplitude. W hen 
the air was removed, both the blood pressure and the respiration quickly 
returned to normal. The arrest of respiration was here due to localized 
pressure on the trachea. In one instance, a rent occurred in the balloon 
and free air escaped into the tissue, with death to the animal. The 
observations at autopsy were essentially the same as those already 
mentioned. 

EFFECT ON THE VAGOSYMPATHETIC PLEXUSES 

It is possible that the increase in pressure may have some effect on 
the vagosympathetic nerve plexuses. Riedinger has shown that blows 
on the chest are followed by a fall in blood pressure in the carotids. 
The resulting disturbance in the circulation of the brain caused the 
respirations to become short and frequent. If the vagi were cut before 
the blows, the blood pressure did not fall. Breathing, however, became 
slow and deep, but after the cervical sympathetics were cut it became 
short and frequent. 


MECHANISM OF PRODUCTION AND REPORT OF CASES 


Air in an amount sufficient to cause an increase in mediastinal pres- 
sure can reach the mediastinum only by certain pathways. In the order 
of their frequenc)^, these pathways are: (1) the pulmonary interstitial 
tissue, extending along the peribronchial and perivascular connective 
tissue to the hilus, thence diffusing into the loose areolar tissue of the 
mediastinum; (2) extension of a subcutaneous emphysema along the 
endothoracic fascia or the deep fascia at the jugulum ; (3) the direct 
sucking of atmospheric air through wounds in the superior and inferior 
apertures of the thorax; (4) injury of the trachea and main bronchi 
whereby air is blown directly into the mediastinum; (5) openings in the 
mediastinal pleura so that air produced by pneumothorax is admitted, 
and (6) extension of retroperitoneal emphysema through the crus of 
the diaphragm. 

When there is an infection of the tissues by gas-forming organisms, 
the gas may reach the mediastinum along one of the foregoing path- 
ways. 

Air may escape from the mediastinum in two ways: 1. It may be 
forced out through the diaphragm by following the tissues surrounding 
the aorta, thus forming a retroperitoneal emphysema which is most 
marked in the perirenal fat. 2. It may be forced out at the jugulum 
and produce a more or less widespread subcutaneous emphysema. A 


5. Riedinger. F.: Concussion of the Chest, in Bergman and Bull- A Svstem 
of Practical Surgerj-, Philadelphia, Lea Brothers, 1904, vol. 11, p. Z7l 
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large quantity of air may remain in the mediastinum and not escai^e 
to othei tissues, but usually some subcutaneous emphysema is present 
If emphysema of the soft parts is present, it has several meanings: 

1. Emphysema of the soft parts is seen in cases of simple fracture of 
the ribs with puncture of the lung, the air from the pleural cavity being 
forced into the soft tissues at the site of the injury to the parietal pleura. 
In these cases the emphysema is of little importance. 

2. It is seen when a pneumothorax is formed by a perforating wound 
of the wall of the chest and atmospheric air passes into the pleural cavity 
and out into the intermuscular planes and subcutaneous tissues. In 
itself this type of emphysema is not grave. 

3. When emphysema of the skin accompanies an increasing tension 
pneumothorax, with injury of the wall of the chest, and is becoming 
widespread, it can be of great importance, because eventually air will 
reach the mediastinum along fascial planes, the endothoracic fascia or 
the deep fascia of the neck. 

4. When it is present in cases of rupture of the lungs with the wall 
of the chest intact, it has a definite meaning. The air can have reached 
the subcutaneous tissues only by way of the mediastinum, 

5. Should there be emphysema of the soft parts without pneumo- 
thorax or rupture of the lung, it may be supposed that there has been 
a subpleural rupture of the alveoli. 

RUPTURE OF THE ALVEOLI WITHOUT INJURY TO THE 
VISCERAL PLEURA 

Extravasated air in the pulmonary interstitial tissue always lesults 
from the opening of bronchi or of alveoli. Subpleural rupture of the 
alveoli may take place to such a degree that there is an escape of aii 
sufficient to reach the mediastinum. The rupturing occurs as a result 
of either a sudden increase of pressure wdthin the alveoli, or else b) a 
weakening of the alveolar wall. Kelman ® has demonstrated this expen 
mentally. By introducing a cannula connected to a bicycle pump mto 
the trachea of rabbits and thus suddenly increasing the intrapulmon } 
pressure, she produced a mediastinal emphysema without pneuinot lor 
Sections of the lung revealed ruptures of many^ of the alveo ar iw 
and distention of the interstitial tissue with air. ^ 

obseiwe grossly that air collected in the peribi onchial an pe ' 

tissue and that it bubbled out at the hiius. Furthermore, s ie m 
to show that if rabbits were inoculated with the virus oiaui 

6. Kelman, S. R.: Experimental Emphysema, Arch. Int. Med. 24.33- ( 

1919. 
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cultures of bacteria taken from patients with influenza, the alveolar 
walls became friable and burst more readily. 

Trauma . — Crushing Blows to the Chest Without Injury to the Wall 
of the Chest: An acute increase in intra-alveolar pressure may take 
place if the wall of the chest is suddenly compressed at a moment when 
there is obstruction to expiration, as when the glottis is closed or a 
foreign body is present. A muscular straining effort or a spasm of 
coughing acts in the same manner. It may be assumed that rupture 
could result from too great positive pressure inhalations when employed 
to inflate a collapsed lung. 

The following case from the literature exemplifies the foregoing 
type of trauma. 

Bisshopp ^ reported the case of a child, aged 4 years, who was run 
over by a cart, the wheel passing over the chest. There was immediate 
emphysema of the neck and face which rapidly spread over the entire 
body. The child was markedly cyanotic and dyspneic. The veins of 
the neck were greatly distended; the pulse was imperceptible. There 
was no evidence of fractured ribs or pneumothorax. Multiple incisions 
were made about the neck and upper part of the chest, and air escaped 
with a hiss. Improvement was prompt, and recovery took place. It 
was assumed that there was a subpleural rupture of many alveoli, and 
emphysema resulted from the extension of air along the bronchi to 
the mediastinum, thence to the subcutaneous tissue at the jugulum. 

Resuscitation of the New-Born; Poeck® reported two cases of 
asphyxia in new-born infants. Artificial respiration was given, and the 
infants were made to breathe, but soon a generalized emphysema 
appeared and death followed. Autopsy revealed many subpleural blebs, 
marked interstitial emphysema of the lungs and large collections of air 
in the mediastinum. The findings were explained by the fact that when 
artificial respiration was being employed, the lungs were squeezed at 
a time when the upper air passages were plugged with meconium, thus 
obstructing the outflow of air. Rupture of many alveoli resulted. 
When the infants started breathing, air continued to be extravasated 
into the interstitial tissues and thence to the mediastinum. 

Expulsive Efforts During Labor ; Klots described four cases that 
occurred during labor. They all developed during the second stage 
of hard labor, with either a large baby or a contracted pelvis. Diag- 


7. Bisshopp; Extensive Emphysema from Passage of Cartwheel Over Thorax 

Brit. M. J. 1:163, 1884. r mrax, 

8. Quoted by Stransky, E. ; Beitrage zur Klinik des mediastinalen Emphysems 
durch Alveolarruptur im Sauglingsalter, Monatschr. f. Kinderh 39-104 1928 

9. Kiots P. S.; Emphysema subcutaneum wahrend des Gebdractes-Ent- 
standen, Ztschr. f. Geburtsh. u. Gynak. 41:357, 1899. 
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nosis was made from the appearance of subcutaneous emphysema at 
the jugulum. The symptoms were mild, and recovery took place in 
all cases. The development of emphysema was explained by the fact 
that m order to bear down in an expulsive effort a deep breath was 
taken, the glottis closed, and thus the air in the lungs was put under 
great pressure. The alveoli burst and air escaped. 

Jehn and Nissen ^ observed the same process in a patient following 
an uncjuiet narcosis, and also in the case of a schizophrenic patient at 
the beginning of an excited state. 

Accidents During Birth : Kirschgessner ® saw subcutaneous eniph)'- 
sema in a new-born infant who, on account of a prolapse of the cord, 
was delivered by version. The infant was asphyxiated, but was eventually 
made to breathe. After it began to breathe, an emphysematous lump 
was seen at the base of the neck. The lump gradually receded and 
disappeared. The author explained the process as follows : First there 
was intra-uterine breathing, and then air was shut off during delivery. 
On acccount of the increased pressure in the lungs brought about by 
compression of the chest in the birth canal, an alveolar rupture occurred. 

Disease. — Stransky,^** Levi and Catillon,® Zarfl,^^ Ozanam,^“ Berkley 
and Coffen,^** Clark and Synnot and Wassermann have reported 
cases of mediastinal emphysema resulting from whooping cough, 
bronchopneumonia, influenza and diphtheria. The act of coughing is 
said to be the factor causing alveolar rupture in all these cases. After 
rupture has occurred, further coughing tends to drive more air into 
the interstitial substance and thus increases the degree of emphysema. 

Kelman,® in discussing a group of cases occurring during ^ the 
epidemic of influenza of 1918 , stated that alveolar rupture was partiall)' 
due to the toxic effects of the infection, chiefly friability of the 
alveolar walls. 

Gehrt reported four cases resulting from influenza in chil ren. 
He also described a weakness of the alveolar walls which was due to 


10. Stransky, E. : Beitrage zur Klinik des mediastinalen ^mphysems ur 
Alveolarruptur im Sauglingsalter, Monatschr. f. Kinderh. 39:104, IP- • 

11. Zarfl, M.: Akutes mediastinales Zellgewebsemphysem , 

bei einem 3 Monate alten Saugling, Mitt. d. Gesellsch. f.'inn. e . i- 

12 . Ozanam, C: De la rupture pulmonaire chez les enfants, et de lemplnseme 

general qui lui succede. Arch. gen. d. med. 3:31, 1854. and 

13. Berkley, H. K., and Coffen, T. H,: Generalieed Inters , Ml Empinse.n. 

Spontaneous Pneumothorax, J. A. M. A. 72:535 (Feb. } Gas in 

14. Clark, E., and Synnot, M.: Influenza-Pneumonia Cases ShoiM „ 

Fascial Tissues, Am. J. M. Sc. 158:219, 1919. • •\Vchnschr. 33: 

15. Wassermann, S. : Das mediastinale Emphysem, 


122, 1920. , . r- • ' Dptusche med. ^^'chn 

16. Gehrt, J. : Hautemphysem und Stenose bei Grippe, D 

schr. 46:1052, 1920. 
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l)acterial toxins. He stated that in one case there was a severe tracheitis, 
the process extending into the bronchioles to such a degree that 
respiration was very difficult. In this case he thought that the alveolar 
rupture was due to the forced expiration. 

Boehme^" observed the actual appearance of an einphysematoiis 
lump at the jugulum of an 18 months old child. The child had had 
bronchial pneumonia and was well on the road to recover} , when it 
was seized with a violent attack of coughing. Ten minutes later the 
lump appeared at the jugulum. Emphysema spread from this point 
and varied with the amount of coughing. By the free administration 
of sedatives to quiet the respiration, grave symptoms were averted, and 
gradual recovery took place. The explanation made was that there 
was a rupture of a bronchiole during the spasm of coughing. 

Galliard reported a case in which emphysema developed in a 
patient with cholera. Before the emphysema appeared, the patient was 
ahead}' d3^spneic. Death resulted, and at necropsy a marked medias- 
tinal emphysema was found. A definite place in the right lung .was 
found where the alveoli had burst, causing the condition. In a dis- 
cussion of the case, it was stated that the mediastinal emphysema had 
resulted from the dyspnea and was not the cause of it. 


RUPTURE OF THE LUKG AXD VISCERAL PLEURA-TEXSIOX 
PXEUirOTHORAX 

iMediastinal emphysema may follow the entrance of air from a 
pneumothorax into the pulmonary interstitial tissue through a tear in 
the visceral pleura. When this happens, the course of the air is through 
the interstitial tissue to the hilus. It is possible that this air may extend 
along the main bronchi to the hilus of the opposite lung and spread 
peripherally to produce an interstitial emphysema of that lung. Then 
when a rupture of a subpleural bleb occurs, a contralateral pneumo- 
thorax results. The spread of the air in these cases is dependent not 
only on the tension but also on the continued escape of air from the 
pleural carity into the extracostal tissue. As long as the tension can 
be kept at a minimum by the air infiltrating the subcutaneous tissue, it 
IS not so likely to extend back through the lung. Another way by which 
tension pneumothorax air can reach the mediastinum is by breaking 
througli the pleural reflexion at the hilus; or the air from the pleural 
cavity may be forced through a laceration in the parietal pleura and 
then along the endothoracic fascia to the mediastinum. 


1052"^ ^ ^lediastinal Emphysema. .Med. Rec. 95 : 

18 . Galliard. M. L. ; L’emphyseme du mediastin, Bull et mem Sot- a 

hop. de Paris. 1893 , p. 199 . 
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r;-a»7;;a.— Crushing Blows on the Chest With or Without Injury to 
the Thoracic Wall : Trauma of this type may produce a rupture of tlie 
lung. When there is injury to the wall of the chest, namely, fracture 
of the ribs, the possibility of the lung being lacerated by a fragment of 
the rib is evident. However, Sauerbruch has shown that a rupture 
of the lung can result from crushing blows to the chest without fracture 
of the ribs. He was able to demonstrate this experimentally. After 
constricting the trachea of dogs, he placed a board across the chest and 
applied a sudden force. He found that rupture occurred at the point 
where the force was applied as well as in distant portions of the lung. 
He believed that the same thing haiDpened in accidents to human beings. 
As a protective mechanism, the glottis closes at the end of inspiration; 
then pressure is suddenly applied to the chest, and the lung bursts. 
Sauerbruch believes that the accident is more common in children 
because of the great flexibility of the ribs. 

Nissen reported the case of a 9 year old girl who was run over by a 
truck. When first seen she had a marked subcutaneous emphysema 
over the entire body, more marked about the face and the neck. The 
symptoms were most distressing: decided cyanosis, dilatation of the 
superficial veins and rapid and irregular pulse. Tension pneumothorax 
M'as present on the left side; the pressures were -j- ^nd -)- 16 mm. 
of water. A valve drain was put in to relieve the tension, without a 
change in the condition. It was evident that something must be done to 
relieve the mediastinal pressure. An incision was made at the jugulum, 
and a finger was inserted into the upper part of the mediastinum. Air 
escaped "with a hissing noise. Instantly the child’s condition changed 
for the better. The valve drain was left in place, and the child recovered. 
As there was no fracture of the rib, the author assumed that there vas 
a tear of a bronchus near the hilus brought about in the manner 

described by Sauerbruch.^” • • . i 

Sauerbruch “ reported the case of a man, aged 22, who was injured 
in an automobile accident. He was first seen shortly following t 
accident and was in a critical condition. His appearance vast} pica 
of that caused by mediastinal pressure. The second and thir n is \ 
fractured anteriorly. Operation was performed in a negatne p 
chamber at — 7 mm. of water. When the thorax 
operator made the following interesting observations ,,, t,p 

lung was found lying against the mediastinum whici vas ^ 
like a cushion. The vena cava was seen to be as large as c 


19. Sauerbruch, R: Die Bedeutung ’ 

Pathologie Spannungspneumothorax, Beitr. z. klm. r. ' ’ ^ yfediastinal- 

20. Nissen, R. : Die chirurgische Behandlung d^s e 
emphysems, Zentralbl. f. Chir. 57:1023 (April 26) 193U. 
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arm, the azygos vein as large as a man's thumb. Upon incision of the 
mediastinal tissue the air escaped and the mediastinum assumed its 
normal proportions.” A tear in the lung caused by a fragment of rib 
was repaired. The patient’s condition rapidly improved, but three hours 
later all symptoms reappeared and death followed. Autopsy revealed 
a recurrence of the mediastinal emphysema, due to an imperfect 
closure of the wound in the lung. 

An unusual point is brought out by Haim in a case in which death 
occurred three hours following an accident. Autopsy revealed a fracture 
of the seventh rib on the left, a fragment of which had punctured the 
left lung. There were a pneumothorax and a marked interstitial 
emphysema of the lung on the left side. On the right side, there was 
a partial pneumothorax without gross evidence of rupture of the lung. 
Haim stated that the emphysema spread from the left lung into the 
mediastinum at the hilus, thence across into the hilus of the opposite lung. 
The extension continued to the peripher}', where a subpleural bleb 
ruptured, producing a contralateral pneumothorax. 

Baranger-- described a case of rupture of the lung subsequent to 
fractin-e of the rib. Tension pneumothorax developed, and later signs 
of a mediastinal emphysema were evident. The mediastinum was opened 
at the jugulum, and a large amount of air escaped; a drain was left in 
the wound. The patient fully recovered. 

In all of these cases air was presumably forced through the lung 
to the mediastinum. 

Tiegel reported the case of a man who had been struck with a 
heav}' rod on the right shoulder. Thex'e were fractures of the third 
to the seventh ribs. Severe subcutaneous emphysema was present over 
the back, shoulders, neck and chest. At first the patient’s condition 
was not alarming, but later the emphysema of the neck became extreme 
and his condition suddenly became grave. As it was thought that the 
emphysema had extended into the mediastinum at the jugulum, an 
incision was made in the neck. A suction cup attached to a water pump 
was applied to the wound. The results were immediate and excellent. 
Suction was maintained for several days, and the patient completely 
recovered. In this case it was thought that the air escaped from the 
wound m the parietal pleura and after distending the muscular structures 
of the back and neck it spread along fascial planes to enter the medias- 
tinum at the jugulum. 


21. Haim, E.; Ueber penetrierende Thoraxverletzuno-en 
Chir. 79:269, 1905. 

22. Baranger, M.: Un cas d’emphyseme mediastinal traumatique Bui! 

mem. Soc. nat. de cbir. 52:1243, 1926. ’ 

23. Tiegel il.: Kn einfaches Verfahren zur Bekiimpfung des Mediastinal 

Emphysenis. Zentralbl. f. Chir. 38:420, 1911. xueaiastma! 
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The succeeding two cases occurred in this hospital. 

admitted to the hospital on Nov. 10 
lJd9, twelve hours following an automobile accident. Examination revealed that 
the patient was in considerable pain, which was made worse by respiratory 
movements. There was no cyanosis, and he was not dyspneic. There was sub- 
cutaneous emphysema over the entire chest, more marked on the left side. Signs 
of a left pneumothorax were present, Roentgen examination revealed pneumo- 
thorax on that side and fractures of the left clavicle and of the second to the 
si.xth ribs posteriorly. The patient was put to bed, and sufficient narcotics were 
administered to keep him comfortable. There was little change in his condition 



Fig. 1 (case 1). — Emphysema of the soft parts of the wall o t 
accounts for the extracostal blotchy shadows, and the radiating s a ows 
pectoral regions are due to collections of air in the bundles o I 

There may be seen fractures of the left second to the seventh s a r -.giy 
Pneumothorax is apparent on the left side. The mediastina s a 
widened, and its lateral borders are irregular. Light streaks, f},e 

be seen running vertically through the dark shadow o t e upper 
mediastinum. 

during the night and the following day. Early on the restless, 

there was a definite change in the general condition. c iratory rate. 38- 
dyspneic and cyanotic. The pulse rate was 120; and a large 

subcutaneous emphysema was now seen to be decide ) dyspnea 

crepitant lump was felt and seen at the jugulum. iree 
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had become more marked, and the general condition j 

tension pneumothorax was now evident, a needle was inserted into the left pleura 
Cavity The initial pressures were + 16 and + 4. I^rge amounts of air were 
repeatedly aspirated during the next twelve hours, with little alteration in le 
patient’s condition. The emphysema continued to spread, the cyanosis increased, 
and the dyspnea became more marked; death occurred early on the morning of 

November 13. , „ . j t -..u • 

Autopsy showed the anterior mediastinum to be markedly distended with air. 

The left pleural cavity contained a large amount of air and a moderate amount 
of serum. The left lung was collapsed but was held to the lateral wall of the 
chest at one point by adhesions. There was a rent in the lung caused by a 
spicule of bone from the fracture of the seventh rib. The interstitial tissue of 
the left lung was markedly distended with air. The right lung was normal except 
for a pronounced venous congestion. 


It is believed that in this case air from a pneumothorax first escaped 
into the suhcvttaneous tissue. Late in the second day the patient’s con- 
dition became serious when presumably a tension pneumothorax devel- 
oped and air began to infiltrate the ruptured lung and extend to the 
mediastinum. This was evidenced by the appearance of the emphysema 
at the jugulum coincident with the patient’s change for the worse. 


Case 2 . — A white man, aged 47, was admitted to the hospital on Dec. 14, 1928, 
following an automobile accident. When first seen, he was in a dying condition. 
The entire chest was tympanitic to percussion and was distended far beyond its 
normal size by subcutaneous emphysema. Dyspnea was extreme. Roentgen 
examination revealed multiple fractures of the second to the seventh left ribs, 
inclusive; the heart and mediastinum were shifted to the right. An attempt was 
made to decompress the tension pneumothorax, but on the insertion of the needle 
respiration ceased. 

Autopsy showed both lungs to be widely separated in the anterior medias- 
tinum by the distended air-containing mediastinal tissue. The left pleural cavity 
contained a large amount of air and a small amount of bloody fluid. The left 
lung was atelectatic and dull purple, with two puncture wounds in the upper lobe. 
The lower lobe was extremely congested and contained two puncture wounds. The 
right pleural cavity contained a small amount of air. The right lung was markedly 
congested, without gross evidence of rupture. Both lungs showed interstitial 
emphysema. 


This case demonstrates the point shown by There were 

injury to one lung and a tension pneumothorax on that side, with 
interstitial emphysema of both lungs and a partial pneumothorax on 
the opposite side without gross evidence of rupture of this lung or of 

a tear across the mediastinum to account for the escape of air into the 
pleural cavity. 

Perforation of the Lung by Foreign Bodies; Perforation of the 
lung by bullets, daggers, etc., as well as by fractured ribs in which the 
fracture is compound, differs from that described only in that there 
IS a communication between the pleural cavity and the atmospheric air. 
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As a result of the perforation of the wall of the chest, a tension may 
result from a sucking of air at this point. 

During the World War, Jehn^ recorded the case of a German 
infantryman who was wounded in the side of the chest by a piece of 
stone that was blown into the lung. He was first seen twelve hours 
following injury, with an extensive emphysema of the neck, chest and 
head. There were no serious respiratory or cardiac symptoms. Twelve 
hours later the clinical picture suddenly changed, and mediastinal 



Fig. 2 ( 


.case 2). -There is marked em^physema oHhe^soft^^^^^^^ posteriorly 
the chest and the neck. Fractures of the sec^^ dj ^ one on 

are seen. There are a definite pneumothora. ^ streak 

the right. The heart has been 'f, „tably the collections of a. 

seen just lateral to the vertebral ,'‘,|,Artebrae. 

bettveen the parietal pleura and the bodies of 


d at the base of the 

emphysema was suspected. An ^f air\vhich temporarily 

neck and there was an escape of a larg ^ Autopsy revealec ‘ 

ISeied the patient, hut death soon ollo.^d^^^^ 

„u,ch distended mediastimnn lower lobe and 

left lung had a lacerated tract leading to 
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miicli destroyed tissue and coagulated blood. In the center of the mass 
of lacerated tissue and blood clot was found the open stump of a large 
bronchus. Avhich had been severed by the bit of stone. At first the air 
from this open bronchus was blown out through the pathway made by 
the missile, but after coagulation had closed this pathway, the escaping 
air passed through the peribronchial tissue to the hilus. The author 
stated that the rapid spread of air to the mediastinum accounted for 
the patient’s sudden death. 

Operative Wotmds of the Lnng.—Thtse wounds provide yet 
another possibility. Sauerbruch observed a case in which, following 
lobectomy and ligation of the large bronchi, a bronchus reopened 
secondarily and retracted into the hilus. Air was blown directly into 
the mediastinum. 

Case 3.— A white girl, aged 1 years, was admitted to the hospital with an 
abscess of the right lung. She appeared to be very ill. The white blood count 
was 27,000; the temperature was 104 F. Roentgen examination showed a cir- 
cumscribed area of density in the lower part of the upper lobe of the right lung. 
On A'ov. 9, 1930, a first stage operation for drainage was performed. The post- 
operative condition was satisfactory. On November 15, a second stage operation 
was done. The pleurae were found adherent. A finger was inserted into the 
abscess cavity, which was found to be about 8 cm. in diameter and to lie against 
the angles of the ribs. The cavity communicated with a large bronchus. In order 
to make the drainage more complete, a section of the sixth rib was resected at 
its angle, and the pleura were incised. Adhesions had not formed at this point, 
and when air was admitted to the pleural cavity, the lower lobe of the lung was 
seen to move violently with respiration. The abscess cavity was opened pos- 
teriorly, and the lung was then inflated rvith positive pressure. A gauze pack 
was introduced to occlude the posterior operative wound, its anterior end being 
brought out at the axillary wound. Both wounds were closed tightly. Before 
the patient left the operating room, there was considerable emphysema around the 
posterior wound. For the first eight hours the patient’s condition was not 
alarming; the emphysema spread very little. Early the same night the emphysema 
began to spread, and the anterior regions of the neck became greatly distended. 
The patient became cyanotic; the respirations were rapid and heaving, and the 
pulse rate increased. O.xj'gen did not relieve the cyanosis. The patient died early 
on the morning of November 16. Permission for necropsy was not obtained. 

It is assumed that the air from the open bronchus in the abscess cavity 
gradually forced its way into the extracostal soft parts. This in itself caused 
the patient no serious trouble. As the posterior wound was close to the medias- 
tinum. the air gradually found its way along the endothoracic fascia and entered 
the mediastinal tissue. This was evidenced by the appearance of the discrete 
emphysematous lump at the jugulum. When the air appeared at the base of the 
neck, the patient’s condition became serious and death soon followed, 

Zlwnxc.— The most frequent causes of spontaneous tension pneumo- 
thorax are rupture of tuberculous cavities, emphysematous blebs and 
nontuberculous suppurative tissue. 
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fh. cavernous pulmonary tuberculosis in whicli 

e patient leceived treatment by artificial pneumothorax. On one occa 
Sion an accident occurred during the administration of air Death was the 
result. At autopsy it was found that the pleurae of the upper lobe on 
one side were adherent, and immediately beneath this area there was a 
large cavity. The pressure from the pneumothorax had caused tlie 
cavity to rupture through the adherent pleurae, and thus intrapulmonary 
air escaped into the deep tissue at the dome of the hemithorax. The 
entire mediastinum soon filled with air. 

Ca^ 4. A white man, aged 21, ivas admitted to the hospital on Sept. 4,2929. 
The diagnosis of pulmonary tuberculosis had been made on a previous admission. 
At this admission the patient bad the clinical and roentgen findings of a 
spontaneous tension pneumothorax. There were marked respiratory difficulty and 
slight cyanosis. The pulse rate was 140; the respiratory rate, 40. There rvas a 
definite shift of the mediastinum to the left. When the needle of the pneumo- 
thorax apparatus was inserted, the initial readings were -f 16 and -f- 12 mm. of 
water. After 9,600 cc. of air was withdrawn, the pressures were + 5, — 1. It 
was obvious that the pressure was rising as fast as air was removed. A valve 
drain was left in the pleural cavity. Respiratory embarrassment after this was 
slightly relieved, and the pulse rate became slower and of better quality. On the 
morning of September 5, subcutaneous emphysema was noted about the upper 
part of the right side of the chest, anteriorly.' The general condition was some- 
what improved; the pulse rate was 128, and the respiratory rate, 30. By evening 
of this day, the emphysema had spread. The right side of the chest, arm and 
neck was greatly distended. Cyanosis was more marked. The intrapleural 
pressures were 18 and -f- 12. Twelve hundred cubic centimeters of air was 
taken out. On September 6, the emphysema had spread over the entire right side 
of the body; cyanosis was more evident, and the respirations were more labored. 
More air was withdrawn, but without relief. The administration of oxygen was 
started, which improved the cyanosis. On the morning of September 7, a large 
emphysematous lump was noticed at the jugulum, and all of the symptoms were 
much more pronounced. During the daj', the emphysema spread over the left 
side of the body and grossly distended the face. Oxygen did not affect the 
cyanosis. During the next day, there was little change in the patients con- 
dition, but on September 9 the general emphysema was seen to be much increased, 
the entire body being inflated. The pulse rate was more rapid and thready, 
and there was a definite fall in blood pressure. Air was withdrawn from tie 
pleural cavity until the pressures were — 6 and — 2, but the symptoms were no 
altered. Death occurred on the morning of September 10. 

At autopsy the right pleural cavity was found to contain a ° 

free air and fluid. The left pleural cavity was normal. The me tastina ■ 

were greatly distended with air, separating the borders of the 
line for about 12 cm. The left lung was much congested and conta 
tubercles. The right lung was collapsed and dull purple, n t le ui^ parietal 

were three patches of adhesions which bad become etacie r under 

pleura when the pneumothorax occurred. The right 
water, and it was found to have a tear in the visceral pleura of the nppe 

24. Pick, E. ; Ueber einem Fall von Haut und Mediastinal-Empin s 
Lungentuberkulose, Wien. klin. Wchnschr. 38:508, 1925. 
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.4 a ^ vr,K-P arraneement. Immediately beneath this tear 
This shthke tear had a flap S dimensions. Three small bronchi 

>Yas a caMty measuring about d cm. m 

opened into this cavity. 

I, will be noted that in this case symptoms were sejere from the 
onset Itut they were reliered by lowering the tension of the 
toa'x. On the day that the emphysema appeared at the jugnlttm all o 
the symptoms became more marked and nonreirnttenh Oxygen d.d not 
relieve the dyspnea or alter the degree of cyanosis. The withdrawal of 



Fig. 3 (case 4). — Air may be seen in the subcutaneous tissues of the neck and 
the upper part of the thora.x. The complete pneumothorax on the right side and 
the herniation of the small collapsed right lung into the left hemithorax are 
evident. The heart, trachea and all of the mediastinal structures are definitely 
shifted to the left. Tiie right side of the diaphragm is markedly depressed. The 
mesial borders of the lungs are widely separated, and in the intervening shadow 
there are streaks and blotches which are probably collections of air in the medias- 
tinal tissues. 


air did not improve the patient’s condition. Presumably, air escaped 
from the pleural cavity into the muscular planes of the chest through 
the injury in the parietal pleura made by the separation of the adhesion. 
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When the surrounding tissue had filled with air and the air was extend- 
ing along different planes, it found its way along the endothoracic fascia 
to the mediastinum. Then there was a decided change in the patient’s 
condition, which took place on the same day that the isolated lump 
appeared at the jugulum. ^ 


artificial pneumothorax 

Aitificial pneumothorax presents a slightly different phase in the 
production of mediastinal emphysema. An accident that occasionally 
occurs is the insertion of the needle into the substance of the lung, thus 
allowing the inflowing air to follow the same path through the inter- 
stitial tissue as has been discussed elsewhere. Other accidents are 
tearing of the visceral pleura, or rupture of the superficial cavities by 
the needle. Another possibility to be considered is that in the evulsing 
of a phrenic nerve in the presence of a pneumothorax, the mediastinal 
pleura may be torn and the intrapleural air may thus enter the medias- 
tinal tissue. 

Sercer and Peicic reported the case of a patient with chronic 
pulmonary tuberculosis whom they treated by artificial pneumothorax. 
Following the administration of air, on one occasion, a marked general- 
ized emphysema occurred, which was soon followed by the death of the 
patient. It was stated that the patient had had five punctures in the 
right side posteriorly, and 600 cc, of air was given. At necropsy it 
was found that the lung had been punctured by the needle and a tension 
pneumothorax had resulted. They found that the air had escaped 
through the puncture holes in the parietal pleura and had extended along 
the endothoracic fascia to enter the mediastinum and distend it to great 
dimensions. 

Parfaitt and Crombie reported a case of mediastinal emphysema 
as a result of artificial pneumothorax. They saw the condition fifteen 
times, but no fatalities were reported. The only symptoms were slight 
substernal pain, slight swelling and crepitation at the jugulum, which 
usually disappeared within thirty-six hours. They assumed that the 
accident happened either by misplacing the needle point into the lung 
or by producing a fissure in the visceral pleura and thus making a com 
munication between the interstitial tissue and the intrapleura air. 

It is significant to note that when the flow of air extending into t le 
mediastinum is not continuous or the amount accumulative, the symp om 
are not severe. 


25. Sercer, A., and Peicic, R.: Ein Beitrag r.„r KaruMt Todesfalle beim 

kiinstlichen Pnenmothoraa, Beltr. a Kl.n d. Tn rrilb 

26. Parfaitt, C. D., and Crombie, D. W. . Fwe 
Artificial Pneumothorax, Am. Rev. Tuberc. 3:85, 
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IX JURY TO THE UPPER AIR PASSAGES 

It is evident that when perforating injuries of the trachea, larynx 
or main bronchi occur, air may be blown directly into the mediastinum, 

and rapidly distend it. , - r 

Tehn-‘ reported a case of mediastinal emphysema resulting from 

a fracture and perforation of the larynx, the air being forced from the 
larynx into the deep tissue of the neck and extending into the medias- 
tinum. Incision was made in the neck to allow an escape of air, and 
the patient improved, but later he died of acute mediastinitis. 

Case 5.— A white girl, aged 16, was admitted to the hospital. She was 
pregnant at full term and went into labor on Nov, 29, 1927. At 9 :40 p. m. she was 
taken to the delivery room, and ethylene anesthesia was started. At 10 : 10 p. m. 
an explosion occurred. The patient partiallly rose from the table, then fell back 
and began coughing large amounts of foamy blood. A few minutes later the 
patient’s neck became swollen with emplp'sema, and the superficial veins became 
engorged and prominent. The emphysema spread with great rapidity, and the 
respiration soon became d 3 'spneic. It was thought that blood had clotted in the 
trachea, and a tracheotomy was done to favor the respiration. The pulse became 
very rapid but was of fair quality; the cyanosis and dyspnea increased. The 
patient died at 11:00 p. m. 

Postmortem e.xamination explained the cause of the rapid appearance of the 
emphysema and its speedy e.xtension. Just below the bifurcation of the trachea 
in the right bronchial trail there was a jagged hole about 1 cm. in diameter. This 
had apparently been caused by the impact of the explosion. There were no other 
gross injuries to the air passages or the lungs. Both lungs were markedly 
congested. 


OPEUATIOXS IX THE PLEURAL CAVITY WITHOUT INJURY 

TO THE LUNG 

Operative procedures in the pleural cavity, not involving the lung, 
may be the cause of a mediastinal emphysema. 


C.tSE 6. — A white man, aged 56, was admitted to the hospital on June 30, 1929, 
-•\ diagnosis of mediastinal tumor was made. Operation was performed on 
July 1. A section of the second rib on the right side and cartilage were removed, 
and the parietal pleura was opened. The tumor was found to lie on the sides of 
the bodies of the second, third and fourth vertebrae. The pleura was incised 
all around the tumor, and the tumor was enucleated. The bed of the tumor was 
left bare of parietal pleura. The lung \ras then inflated, with positive pressure 
through the anesthetic mask. Air-tight closure of the wound in the anterior 
wall of the chest was difficult. The patient’s immediate postoperative condition 
wa.s good. In the evening of tliat day the patient became slightly dyspneic and 
.Milicutaneous emphysema developed around the wound. There was little change 
m lus condition until late the following day. The dyspnea became more marked* 
emphysema was rapidly increasing. The pulse rate was 
1-0 .and of poor quality; the blood pressure was 90 systolic and 70 diastolic 
voeiugen exa mination showed complete pneumothorax. Air was aspirated, and 

2/. jehn. B'.; Das -Mediastinalemphysems, Zentralbl. f. Qur. 48:1619, 1921. 



778 


ARCHIVES OF SURGERY 


the pressures were reduced from + 6 and + 2 to + 2 and ~ 7. His condition 
slightly improved. An attempt was made to seal the wound in the skin All of 
the symptoms soon became more marked, and death occurred early on the morning 


At necropsj^, the right pleural cavity was found to contain a large amount of 
air and fluid. The mediastinal structures were shifted to the left of the midline 
The borders of the lungs were separated 8 cm. in the midline, and the mediastinal 
tissues were greatly distended with air. The veins of the neck and brain were 
dilated and very dark. The right lung was completely collapsed. The left lung 
contained air. but was markedly congested. The lungs were inflated under water, 
but did not show signs of a leakage of air. 



Fig. 4 (case 6).— There is moderate emphysema of the soft tissues m the 
pectoral regions. There is a pneumothorax on the right side and a ® 

of the heart and entire mediastinum to the left. The mesial bor er o 
lung is pushed far over to the left. Vascular markings of t e ^ 
prominent. There is a decided widening of the mediastinum, most o 
being seen to lie in the left hemithorax. Streaks and patcies o 
chiefly within the middle and upper parts of the mediastinum. 


In tin’s case a tension pneumothorax was formed by 
air through the wound in the wall of the chest. te si 

emphysema was a result of the air being the medias- 

into the tissues adjacent to the wound. The 

tinum by extending through the denuded area at the sit 
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SOUKCKS or MEDIASTINAL AIR OTHER THAN THE 

respiratory apparatus 

Operations at the Base of the iVcc/e.— Under some circumstances air 
may enter the mediastinum through wounds of the neck. This ocairs 
chiefly because of the negative pressure within the mediastinum, ihe 
most common occasion is found following thyroidectomies m winch there 
has been removal of subsfernal portions of the gland, even without 
accidental tearing of the pleura. When the planes of fascia leading into 
the superior mediastinum are opened and there is forced inspiration, air 
may be sucked in and trapped in the spongy substernal tissue. This is 
especially true when there is tracheal compression causing inspiratory 
dyspnea. 

Jehu and Nissen,’ Gold,’® and Buford-'* have reported cases of 
mediastinal emphysema following thyroidectomy. In several of the 
cases the cause of death was attributed directly to this factor. In the 
case reported by Buford,-® the patient recovered after a very stormy 
postoperative course. The operator recognized the condition, knowing 
that air was sucked into the ivouncl at the time of operation. The treat- 
ment employed was unusual in that venesection was done. 

Open [Found of the Diaphragm. — If the diaphragm is perforated, 
air may be sucked into the inferior mediastinum. The following case 
was observed in this hospital. 


Cask 7. — A white man, aged 23, was admitted to the hospital on April 30, 1930. 
j\ diagnosis of splenic anemia was made, and splenectomy was performed 
on June 16. .\ left rectus incision was made from the margin of the rib down- 
ward 9 inchc,s (22,86 cm.) and then carried laterally. A rather large spleen was 
found ; it was very adherent, and many large dilated veins coursed from it. An 
attempt was made to enlarge the incision upward; the diaphragm was accidently^ 
incised in the midlinc. Immediately sucking was noticed in this wound; it was 
closed with a suture. This stopped the sucking. The spleen was removed with 
only a moderate loss of blood. The splenic bed was packed and the wound closed 
in layers about this packing. The immediate postoperative condition was poor. 
The pulse rate was 160; the respiratory' rate, 44. (The change in pulse and 
respiration did not take place until the diaphragm was opened, when both sharply 
increased.) Ihe patient soon became extremely cyanotic and dyspneic. A trans- 
fusion of whole blood was given, and dextrose was administered intravenously, 
but there was little change in the condition throughout the day. On the morning 
of June 17, another transfusion was given. Oxygen was administered but did not 
alter the extreme cyanosis. The pulse rate remained about 150 during the day; 
the respiratory rate remained above 40. There was definite distention of the 
veins of the neck. The symptoms gradually became worse, and death occurred 
late in the afternoon. 

.Xt autop.sy evidence of postoperative hemorrhage or infection was not found 
m the abdomen. Neither pleural cavity contained free air or fluid. The borders 


28. Gold, E. ; Ueber Mediastinalemphysem nach Strumektomic, Mitt a d 
Grenrgob d. Med. u. Chir. 37:352. 1924; Arch. f. klin. Chir. 138:195 1925 ’ 

tbe'l\!"17t,; ^ ^Udiastinum During Operations on 

Ease ot the Neck. Surg.. Gynec. & Obst. 26:540 (May) 1918. 
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of the lungs were wjdely separated in the midline. The mediastinal fat and 
areolar tissue were distended with air. The large veins entering the mediastinum 
were much distended and very dark. Both lungs were markedly congested, but 
there was no evidence of frank pneumonia. 

Undoubtedly the patient’s death was directly due to the emphysema 
o£ the mediastinum. All symptoms were characteristic of those due to 
increased mediastinal pressure. His condition changed little from the 
time the air entered the mediastinum until death. The probability is 
that the air was drawn into the mediastinum and was trapped there 
when the wound in the diaphragm was closed. The amount was 
sufficient to cause an interference with circulation, and the absorption 
of the air did not take place rapidly enough to lessen the mechanical 
blockage of circulation before death occurred. 



Fig. 5 (case 7). —A, roentgenogram of the normal chest, taken two days before 
operation. 5, roentgenogram of the chest taken 
increased width and the change in the lines of the lateral borders o 
tinum are noticeable. Both lungs show evidence of vascu ar congest . 
same vertical streaking present in the other illustrations is also seen here. 


Rupture of the Esophagus.—Anothet source of air is from a perfora- 
tion of the esophagus. , , Post- 

Pearce reported an interesting case of emp i} sema an 

mortem examination showed that there had been a 
abscess cavity in the wall of the esophagus cose o 

stomach. There was a sinus tract opening 

burrowing along beneath the mucous coat of the esophagu 
_ . T 4 I88d. 


30. 


Pearce, W. H. : An Unusual Case of Emphysema, Lancet 2.1— . 
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into the stomach. When the abscess ruptured, gas froni_ the stomach 
passed directly into the mediastinum, emerging at the jugulum and 
extending over the entire body. Also there was a small amount ot 
free air in both pleural cavities. No explanation was offered as to 
the mechanism of formation of the bilateral pneumothorax. 

Also gas from the gastro-intestinal tract may escape through wounds 
into the retroperitoneal tissue, and, passing through the crus of the 
diaphragm, may thus reach the mediastinum. 

Open Wound of the Intestinal Tract.— Newman reported a case 
of generalized emphysema first appearing at the jugulum, following a 
rupture of the stomach. At autopsy marked pneumoperitoneum was 
found. The wall of the stomach was perforated; the opening had 
ragged edges, and there was a general abrasion of the surrounding wall 
of the stomach. There was great distention of the retroperitoneal 
tissue with air. Apparently the free air in the peritoneal cavity entered 
the tissues of the wall of the stomach at the place of rupture, then 
forced its way between the subserous and muscular coats, and finally 
reached the retroperitoneal tissue. 

Erichsen saw a case of emphysema develop following puncture 
of the bladder through the rectum for relief from acute retention. The 
emphysema was noticed about the perineum and groins and at the base 
of the neck. The emphysema apparently reached the neck by extending 
along the tissues surrounding the great vessels to the mediastinum and 
thence to the surface at the jugulum. 


TREATMENT 


Treatment may be considered from two aspects: that of controlling 
the source of the air, and that of giving an outlet to the air already 
accumulated. In controlling the source of the air, surgical closure of 
a rent in the lung or the bronchus may be performed. Air-tight closure 
of sucking wounds should be made. Diversion of pneumothorax air 
to the exterior by the insertion of a valve drain may sometimes be 
sufficient. One method of making this valve drain is by fitting an 18 
gage needle to a piece of rubber tubing, the distal end of which is 
immersed in a bottle of sterile water or boric acid solution, and placing 
it below the level of the thorax. When the needle is inserted into the 
pleural cavity, the air may be expelled through this water seal. An 
incision of the skin at the point where a subcutaneous emphysema is 
ongmatmg may prevent a rapid extension of the process. If labored 
respiratory movements are increasing the tension of a pneumothorax 
the administration of narcotics for complete rest may be useful. 


GencraJ Emphysema Following Rupture 


of Stomach, 


31. Newman. A. J. : 

E-incet 2:728, IS6S. 

32. Erkhsen: Pcrinc.al Emphysema Spreading to Upper Parts of Unrl,. f .s 

1 unctnre of Bladder Througli Rectum, Lancet 1:89, I860. ' 
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Several cases of rapid recovery are reported in the literature follow- 
ing the incision of the skin about the neck, thus allowing the air to 
escape. The method of Tiegel is unique in that he applied a suction 
cup over the incision in the jugulum and maintained a constant ne<\ative 
pressure. 


SUMMARY AND CONCLUSIONS 
By keeping m mind the circumstances under which mediastinal 
emphysema may occur and recognizing the symptoms when they appear, 
a diagnosis of the condition may more frequently be made. 

The effects of mediastinal emphysema seem to be the result of 
increased mediastinal pressure. The outstanding effect is a mechanical 
interference to circulation brought about by tbe compression of the 
large veins entering both sides of the heart. i\Iost of the outward 
signs obserA^ed are dependent on this blockage of circulation. 

Air reaches the mediastinum by definite pathways, chiefly along 
fascial planes and through the tissues that are continuous with the 
areolar tissue of the mediastinum. , Mediastinal empitysema has been 
known to result from injuries and diseases of the lung, from operations 
on the lung and also from perforations of the wall of the chest, 
operations in the pleural cavity and artificial pneumothora.x. Perforating 
wounds of the lai^mx, trachea and bronchi have produced mediastinal 
emphysema. The mediastinum may suck air through wounds of tlie 
neck and diaphragm. Generalized emphysema from rupture of the 
esophagus has been reported ; also, a retroperitoneal emphysema follow- 
ing a rupture of the stomach extended to the mediastinum. 

The symptoms and physical signs are characteristic. Those most 
commonly present are extreme cyanosis and dyspnea, ra])id pulse, con- 
gestion of the superficial veins of the neck and low blood pressure. 


Substernal discomfort and pain may be a complaint. .Subcutaneous 
empliA'sema is usually present, but is not a requisite finding’. Ph^’sical 
examination of the chest cannot be depended on. Usually signs are 


obliterated by the emphysema of the soft tissues, fyinpatj}' o\’er tlic 
sternum is helpful. If the heart is surrounded by air, the sounds will 
be distant, and some observers have reported being- able to hear 
emphysematous clicks s3mchronous Avith the contraction of the heart. 

Roentgen findings are not characteristic but arc helpful. Increased 
Avascular markings of the lungs are often present. M hen the bore e 
of the lungs are widely separated in the midline and when 
longitudinal dark streaks in the mediastinal shadow, this is suggestive o 
mediastinal emphysema. The borders of the lungs are se{)arater 
the mediastinum is distended. The dark streaks arc thought to he ri te 
to the accumulation of air in the tissues along the great ' u.i.rnc 
the tissues betAveen the parietal pleura and the bodies ot tu _ 

All cases of crushing injuries to the chest with a .^prenr ing e 
sema must be considered as potential cases oi ^ Lrauve 

This possibility must be borne m mind also during t . 
procedures, and care must be taken to avoid the comji icatu 



THE LYMPHATIC VESSELS OF THE THYROID 
GLAND IN THE DOG AND IN MAN* 


WILLIAM FRANCIS RIENHOFF. Jr., M.D. 

BALTIMORE 


The lymphatics of the thyroid have been referred to as the ducts 
of the gland. This reference originated in 1836, when Kang and Cooper ^ 
claimed to have observed colloid in the lymphatic vessels within the 
thyroid and also as they left the gland. Since that time the lymphatic 
drainage of the thyroid has been the subject of a great deal of con- 
ti'oversy. This difference of opinion has arisen mainly because with the 
customary technic of injecting the lymphatics of parench 3 anatous organs 
by needle puncture there was uncertainty as to which channels have been 
injected — lymphatics, capillaries or tissue spaces. There is now a general 
agreement on the fact that the external surface of the thyroid is covered 
by a rich anastomosing plexus of lymphatic vessels and on the course 
of the larger extraglandular collecting trunks that drain the plexus. 
However, the relation of the lymphatic capillaries to the definitive 
histologic unit of the thyroid, i. e., the follicle, and the intraglandular 
pattern of the lymphatic system of this gland are the main controversial 
points which up to the present have remained undisclosed. This question 
seemed insoluble with the technic employed in the past. It was my 
purpose in this investigation to determine the fine terminal distributions 
of the lymphatic vessels of the thyroid of the dog and the intraglandular 
lymphatic plexus as revealed by a centripetal injection into these channels 
at a point removed from the gland. A comparative study has also been 
made of the human thyroid as well as of that of the cat and the guinea- 
pig- 


HISTORY 


The lymphatic system of the thyroid has attracted the attention of 
many observers in the past, and it may be well to mention the more 
important of these investigations and their contributors. Frey,- in 1863, 
desciibed the lymphatic channels of the thyroid as having their beginning 
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in blind alleys, cecum-like in form, between the follicles. Eoechat.^ 
m 1873, reported his observations of shell-shaped lymphatic spaces or 
sinuses placed between the acini ; these spaces were lined Avith a con- 
tinuous layer of endothelium and traversed by septums of connective 
tissue or trabeculae to prevent excessive dilatation. In 1874. Navalichin.' 
found that the follicles of the thyroid gland are not contiguous with 
the connective tissue stroma, but are separated from this tissue hy 
lymphatic spaces, so that each follicle is lying by itself in a lymph 
lacuna, the blood vessels of the gland being surrounded b)'- similar spaces 
which are drawn out more lengthwise. When an injection was made 
into the gland by direct puncture, the mass filling the space around 
the follicles and around the blood vessels in the connective tissue stroma 
flowed out; it then collected under the glandular capsule, which con- 
sisted of connective tissue, and finally entered the lymphatic vessels 
which leave the hilus and extend into the superior and inferior lymphatic 
glands of the neck. When a solution of 0.5 per cent silver had been 
injected, it became evident that the described lymphatic spaces of the 
thyroid Avere lined with a single layer of epithelium. The blood vessels 
lying within these lymphatic spaces were likcAvise covered Avith single 
layers of epithelium. From these observations, Navalichin drew the 
conclusion that the system of lymphatic vessels of the thyroid Awas 
perivascular. Baber,® described a plexus of lymphatics close to the acini 
which varied in caliber but did not form sinuses. Zeiss, in 1877, and 
more recently Williamson and Pearse,' in 1930, observed large cavernous 
or sinus-like lymphatic spaces AA'hich embrace usually one follicle or 
Avhich may include two, four or six follicles, the lymphatic vessels lead- 
ing off from these spaces accompanying the efferent and afferent blood 
vessels. To subscribe to the obserAmtions of Williamson and Pcar.se 
Avould necessitate the admission that the lymphatic system of the thyroid 
is an open one in communication Avith the tissue spaces betAveen the 
follicles and blood capillaries. MacCallum ® Avas the first, in 1899, to 


3. Boechat. P. A. : Les sinus lymphatiques du corps thyroicle, Compt. rend. 
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show in his studies of the lymphatic network of the skin in embryo 
pigs that the lymphatic system is a closed one. In this study e is- 
proved the existence of communications between the lymphatic vessels 
and surrounding connective tissue spaces, called “Saft Kanalchen y 
von Recklinghausen. MacCallum’s original observations have since been 
confirmed by many studies of the lymphatic vessels of different regions 
and organs. Furthermore, as the conclusions of Williamson and Pearse 
were not founded on experimental injections into the thyroid but merely 
on conjecture, based, according to their own words, on examination 
of histologic sections of uninjected th 3 noid glands, it would seem neces 
sary only to quote a passage from one of their recent articles in order 
to exclude their hypothesis : 


The thyroid is the only gland in which under natural conditions the lymphatic 
system is found with great frequenc}' to be active and distended with lymph and 
lymphocytes. The histologist therefore had not to await the results of injection 
and e-xperiment to demonstrate the h'^mph S 3 ’^stem in the thyroid gland. 

Each follicle of the thyroid lies in a lymph space so arranged that the epithe- 
lium of the thyroid is bathed directly by any Ij'mph contained therein. Groups 
of such follicles with their perifollicular spaces are enclosed in a fibro-elastic 
capsule lined with endothelium. Within the limit of this lining the perifollicular 
spaces are continuous, forming slitlike channels running between the individual 
follicles. These channels are portions of the endothelial-lined sac rendered visible 
by fluid contents. It is to this endothelial sac with all its tortuous interfollicular 
channels that the name ‘lymph sinusoid’ is given. Each sinusoid, within which 
are packed columns of thyroid epithelium and a blood capillary plexus, represents 
one ‘gland unit.’ Groups of these encapsulated gland units are regularly clustered 
about a central lymphatic channel into which their sinusoids open freelj\ They 
arc massed around the channel like grapes around a stalk. Each mass of gland 
units forms a lobule of the gland and is enclosed in a special compartment of the 
interstitia. This arrangement is analogous to that found in the lobule of the liver. 
The difference in structural arrangement between these organs is that that in the 
thyroid lymph takes the place of portal blood; lymph is as significant to the 
fvmction of the thjToid as the portal blood is to hepatic function. 


Matsunaga,® in 1909, reported that the moderately broad lymphatic 
vessels coursing in the connective tissue layers which separate the 
follicles divide into a number of smaller branches which run along 
between several groups of the follicles and give off still finer divisions, 
which surrounded the single follicles. From these interfollicular 
lymphatic ducts, very fine lymphatic capillaries lead toward and into 
the Ulterior of the follicles themselves, lying between the epithelial cells 
ot the follicular wall, and are therefore to be looked on as “interfol- 
hcular” or “interepithelial” lymphatic ducts. The interepithelial ducts 


ScJcta'T’Ti Lj-mphtahnen *r Thyreoidea ihre 

ion, .vrch. f. Anat. u. Entwcklngsgesch., 1909, p. 339. 
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of the follicular wall run between the epithelial cells and terminate 

at the border between the colloidal contents and the inner epithelial 
edge. 

Matsunaga discussed further the presence of intracellular ducts: 

On the wall of a follicle is seen a cell with evident signs of nuclear decen- 
eration and protoplasmatic vacuoleformation. It is into this cell that a lymphatic 
duct enters coming from a passing lymphatic vessel, while none of the other intact 
cells of the follicle wall show up any ducts. ... It might be possible, that 
the intracellular lymphatic ducts do not develop and grow into the cells of the 
tlpToid until these cells assume secretory activity, form vacuoles and begin to 
dissolve; and that from the first they are not present in the substituting ccli^. 
At the time of the secretory dissolution of the cells, open ducts would be available 
for the escape of the colloid or whatever substance is secreted from the inside oi 
the follicles into the intracellular and wider lymphatic passageways. 

He then concluded : 

1. Between the interfollicular lymphatic vessels and the contents of the fol- 
licles there exists a communication by' way' of the intercellular lymphatic vessel- 
of the follicle wall. 2. The cells of the follicle wall are gradually cast off, are 
transformed into the colloid, and this latter, or whatever are its essential ingre- 
dients, are e.xcreted through the intercellular lymphatic ducts into the inter- 
follicular lymphatic ducts. 3. Intracellular lymphatic ducts within the thyroidea 
probably do not commence to develop until the cell starts its secretory activity. 


technic: materi.al and aiethod 

The thyroid glands used in this study were obtained from four of a scries of 
forty dogs and also from ten persons with exophthalmic goiter on whom I oper- 
ated in such a manner as to render the specimens suitable for injection, not ofih 
into the ly'mph but also into the blood vascular sy'stem. To accomplish this, one lobe 
of the thy'roid was removed practically in its entirety by clamping all vessels ucll 
above or bey'ond their entrance to or departure from the gland. Thus the cntiri 
lobe, including both poles and the isthmus, were removed in one piece. Ihe 
isthmus was clamped across so as not to allow the injected mass to run out. 
If any' leakage occurred at the portion of the gland impinging on the tracieo 
esophageal angle, this region was also tied off and clamped. This nas done .o 
that enough pressure could be exerted on the syringe to insure complete mjcct.nu 
of the ly'mphatics of the thyroid. Thus the ly'mphatic trunks entering and ea\ 
the poles of the human thyroid were removed intact with the polar blooc ' 

The thyroid of the dog was selected for study because in this 
glands are not connected by an isthmus, and at the same time the t lyoit •* 
as the Ivmphatic vessels are of sufficient size to facilitate handling le _ 

The thvroid glands of two cats and one guinea-pig were also 
the observations of their glands and also of Uic human thyroid ‘ ' 

from that of the dog. only the technic of injection employed in le 
results obtained will be described. , i 

Advantage was taken of the fact that in the dog the right 
bodies are entirely separate, there being no isthmus or the rcmiiai t o - 
fortv dogs of this series. In the beginning an attempt \sas mac c 
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grade injection in the thyroid by first ligating the large cervical lymphatic-collect- 
ing trunks of the neck. These were identified by injecting a 10 per cent solution 
of india ink into the superior cervical lymphatic glands on each side. The large 
desc'^JIdn^cervical trunks quickly became visible as they rapidly filled with india 
ink, and they were ligated at several points along their course. Injection of india 
ink into these trunks, immediately or at hourly intervals up to forty-eight hours, 

111 an attempt to inject the thyroid gland on that side, were unsuccessful because 
it was not possible to force the ink past the deep cervical glands which receive 
tile lymphatic trunks from the superior pole of the thyroid. In many instances 
it was not possible to force the ink up through these large trunks to the superior 
cervical glands because of the valves. The reason for ligating these trunks was, 
of course, to allow the valves to become incompetent by ballooning out of the trunk 
with lymph. As this method proved unsuccessful, it was then thought that if all 
the draining lymphatic trunks from the thyroid were ligated on one side only, a 
collateral circulation might be effected which would enable one to inject the 
lymphatics of the ligated side and thus have the injected mass carried across the 
midline to fill the lymphatics of the opposite gland; in this way only the lymphatics 
of the gland on one side would be injected, there being no isthmus, and therefore 
no parenchymatous connection between the two glands. Most meticulous, careful 
ligation was made of all the efferent lymphatic trunks leading away from the left 
thyroid gland in dogs together with multiple ligations of the descending cervical 
trunk on the left side. This technic was carried out under general anesthesia with 
morphine and ether, and the most careful aseptic surgical technic was observed. 
After twet\ty-four hours, the dog was placed on his back, horizontally, on an oper- 
ating table, and the left thyroid gland was exposed. With the dog on its back, the 
trachea is on a higher plane than the thyroid gland so that any fluid spilt will 
nm down further on that side and not over the midline. A 10 cc. Luer syringe 
equipped with a no. 28 hypodermic needle was filled with 10 per cent solution of 
white label india ink. The needle was inserted into the parenchyma of the left 
thyroid gland just beneath the capsule and moved about slightly as the solution 
of india ink was injected. The surface lymphatic plexus of the left thyroid gland 
filled immediately, and it could be seen at a glance from the type and shape of 
tile vessels that they were lymphatic channels. Considerable pressure could then 
be exerted on the plunger of the syringe, causing the surface lymphatics to become 
more or less distended or even overdistended. The lymphatic trunks leading away 
from the lower pole became filled as did those about the upper pole, and the 
drainage trunks leading to the superior cervical glands on the left were quite 
visible as well as the trunks draining toward the mediastinum. The ligatures in 
the pretracheal fascia, about the poles and lateral to the gland, prevented the ink 
from completely filling these trunks as their lumina was interrupted. With a 
continuation of steady pressure on the syringe, a very complex network of lym- 
phatic \cssels m a ribbon-like strand was observed to fill along the inner margin 
of the left thyroid gland and extend up and across the midline in the pretracheal 
fascia Tins complex anastomosing narrow band of lymphatic vessels represented 
mulouhtedly the ontogenetic vestige in the dog of the isthmus of the thyroid gland, 
and probably not a developed collateral circulation. The right thyroid gland was 
completely injected with the india ink, the lower pole of the gland injecting first 

leadlo lymphatic trunks 

oun to the superior mediastinal gland. The lymphatic trunks from the upper 

Ilk iiuH/ injection of the right gland, and carried the 

mk into the superior cervical glands on the right side (fig. 1). 



Ri sup. cerv. Iph. cjld. 



ex. 


Fig. l.-Photograph of a °Vland"ordr- If "f' 

.vith the right superior cervical lymph „ = ^ (.^nt solu- 

^retracheal fascia; X 83. The lyn^Pl^ Gcrota's pruss.an 

tion of india ink, the Jth efferent lymphatic trunks dram- 

blue. Note the pretracheal lymphatic P - portion oi t 

[ng down toward the node The characteristic pattern o 

figure may be seen a small mediastinal b mplMiod. 

the lymphatic trunks may be seen in this p ^ i,„o the r el . 

trunks draining the ^upenor portion ^ofjie^r. ,r^th^ 

superior cervical lymphatic gland. appearance oi ^ ^ 

superior cervical lymph H^MUiyroid gland can be w',,. 

ItiioXroM aneo-. T,.., ol «s 

oladder-like structure connected u.th - 
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Thus the J 3 'mphatic vessels of the left thyroid gland were injected with a 10 
per cent solution of india ink by a direct puncture into the gland. Following this 
injection, the ink was carried up and across the trachea in the midline by the 
lymphatic vessels of the pretracheal fascia. The maintenance of a constant head 
of pressure on the plunger of the syringe resulted in a complete injection of the 
lymphatic system of the right th 3 woid (figs. 1 and 2). A constant head of pressure 





790 


ARCHIVES OF SURGERY 


superior cervical glands (fig. 1). The entire parenchyma was injected before the 
superior lymphatic trunks were filled. As observed, the actual progression of 
the injected mass seemed to be first from the narrow lymphatic plexus across tbc 
midline into the surface network covering the lower medial aspect of the right 
thyroid from which the intraglandular network of lymphatic vessels were com- 
pletely injected. Following this injection, the lymphatic vessels of the entire 
intraglandular plexus, the tributaries of the surface or extraglandiilar ple.xus of 
the remainder of the gland, were filled in succession, thus forcing the india ink 
into all drainage trunks of the superior and inferior poles of the gland. The right 
thyroid was transformed into a solid black mass. The dissimilarity between the 
narrovv complex anastomosing band of lymphatic vessels, which extended across 
the midline, and the pattern of vessels resulting from the development of a 
collateral circulation was at once very evident (figs. 1, 2, 3 and 4). 

The external carotid artery on the right side and then the one on the left were 
injected with a modification of Gerota’s prussian blue-ether-tiirpentine mass. 
This was made by thinning 1 Gm. of artist’s prussian blue oil paint with 4 cc. of 
turpentine, chemicallj' pure, and diluting with 15 cc. of ether. This mass, when 
injected, immediately and easily filled the entire arterial and venous trees includ- 
ing the blood capillaries. The blue could be traced through the arteries and out 
the veins on the right and left sides. The entire specimen, which included tlic 
right and left th 3 'roid glands, the right and left superior cervical lymphatic glands, 
the mediastinal lymphatic glands and all the extra-glandular lymphatic trunks 
departing from the thyroid, was fixed with the intervening and supporting con- 
nective in one large block (figs. 1 and 2). This was accomplished by pinning the 
specimen on a large sheet of cork and fixing it in a diluted solution of formal- 
dehyde, U. S. P. (1:10) for over seventy-two hours. This entire specimen was 
then dehydrated and cleared according to the method of Spalteholz and preserved 
in methyl salicylate. The specimen as a whole was thus studied under the 
binocular microscope, following which free hand sections were made with a safety 
razor blade. These were cut from 0.5 to 5 mm. in thickness. Later, a portion 
of the right thyroid was run back through the alcohols and mounted in celloidin. 
From this block, serial sections were cut 10, 20, 30, 40 and 60 microns in thick- 
ness. These were stained in hematoxylin and eosin, and also in alum cochineal. 
The sections were studied under the binocular dissecting, as well as the componml, 


microscope. 

Injections of the left thyroid were then carried out without previous ligation 
of the draining trunks. Three more successful injections of the right thyroid 
were obtained bj^ injecting the 10 per cent solution of india ink dircctlj into tie 
left gland. In each of these animals the blood vascular system was injected pri- 
marih^ and the Ij'mphatic vessels secondarilJ^ This was accomplished b\ inject 
ing the entire circulation of the head with the modification of Gerotas mass an^ 
in one the external carotid arteries with mercurj’. In the latter aiiima . 
modified mass was also used, as the mercury could not be forced '"‘o 
small arterioles. The blue mass flowed by the mercury and tilled the tiiu.- 
ramifications of the blood capillaries. Thus in fouf of forty dogs the narrow 
communicating plexus of lymphatic vessels was present between ‘ , 

thvroid glands, and enabled one to inject only the lymphatic vessels o e 

thvroid bv inserting the mass into the parenchyma of the left thyroid. le _ 

ence of the pretracheal lymphatic reticulum may be more common than w- 
in this series of forty dogs in which it was discovered only four imes.^ 
pressure of the injection of the india ink was more than su ncien - 

injection of the right thyroid was proved by the presence oi small t.x - • 
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here and there in the pretracheal plexus (figs. 1 and 2). Direct extravasation of 
the ink into tissue spaces in the left th 3 Toid into which the injecting needle was 
plunged could be ignored, because these extravasations were confined to the 
capsule of the left gland which was never used in this study. If ink happened 
to get into the blood capillaries, it would have been Avashed out through the veins 
in the first animal, because the dog was alive during the injection. In the remain- 
ing three the blood vascular tree was already injected, the veins then tied off and 


1-is 



X 0 . 9 ! "injection pretracheal fascia 


''1 <IoR 28: X 0.9. Iniectinn pretracheal fL_..„ 

Note the pretracheal plexus with threffV" A that in dog 21. 

glands coursing through the pretrachearfascA” "lediastinal 

'vith a 10 per cent solution of india ink and the hi i ’"jected 

fon of Gerota's prussian blue. solu- 


'«rc d«S''w\™Tplltl,ok l«o 

wal «l,od, some were o.ounted and cut in 

) one acid and dissected under the binocular per cent hydro- 

hkutclnlar pattern having been determined fo^heZ th^ intra- 

in a :r„[£'’rn“ ’tS 
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thyroid artery was first injected with the modified Gerota’s injection mass. Tlie 
lymphatic vessels were then injected bj’- thrusting the needle directly into the lobe 
of thyroid to be studied. After the blood vessels were injected they could tlien be 
distinguished from the lymphatics. Although occasional extravasations occurred 
into tissue spaces, the knowledge of the interfollicular tymphatic pattern in the 
thyroid of the dog, together with the characteristic size and shape of the lymphatic 
channels in the human gland, left no doubt as to the similarity between the 
l3'’mphatic S5'^stem of the thyroid glands of dog and man. 



Fig. 4 .— Higher magnification of the f sliap 

demonstrates more clearly the pattern of ' coursed to reach the right 

the lymphatic vessels through which the injection mass coursea 

thyroid gland. 

description of lymphatics ^ 

The lymphatics of the thyroid originate the 

lial reticulum or plexus which lies in olextis consists of coin- 

gland (figs. 5. 6, 7 and S) Tins .nterWhcute^plex- ^ 

municating capillary lymphatic p™ j termed bursclKie 

endothelial sacs or small pockets that hare 

mea„i„. a l.^oUlel Uda ten • 

barsella, diminutive of bursa; plural, burscllac. 






Fig. 6.— Enlarged drawing of the region shown in the upper left hand corner 
of rig\irc 5, demonstrating the relative size and relation of the lymphatic and 
blood capillary plexuses to the individual follicles. It is to be noted that the 
lymphatic plexus lies external and less intimately in contact with the individual 
follicles of the gland. The blood capillary plexus is specific for each follicle, 
which is not true of the lymphatic capillary plexuses. 
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(figs. 5 and 6). These bursellae, together with the connecting lymphatic 
capillaries, form a closed lymphatic system. The bursellae are sma 
dilated endothelial spaces or lacunae which lie between groups of fol- 
licles and from which emanate the connecting lymphatic capillaries. 
They vary in size from a slight knoblike enlargement occurring at the 
junction of two or more lymphatic capillaries to that of a broad, sheet- 
like structure which partly embraces a group of follicles or some of 
the larger arterioles (fig. 5). They are of an average size which is 
fairly regularly maintained throughout the thyroid and seems to be 
determined by the number of connecting l 3 'mphatic capillaries. There 
is also a marked difference in the form of the bursellae, which varies 
from that of a ribbon shape to that of either a multifaced prism or 
a wide and flat sheet like structure (fig. 5). The bursellae are situated 
exterior to the blood capillary plexus, which surrounds each follicle, but 
conform to the curvature of the convex external surface of the follicles 
between Avhich they lie (figs. 5 and 6). Depending on the size of the 
bursellae, the surrounding pressure probably determines their shape 
to a great extent. Thus a very small bursella may partially encompass 
only the external contour of less than one half of one follicle, whereas 
one of prismatic form, either triangular, pentagonal or octagonal, may 
impinge on several follicles with the greater portion of its facets (fig. 5). 
On the other hand, a bursella may present the form of a wedgelike endo- 
thelial sac which fits in between the space remaining among the fol- 
licles where the circumference of these spherical bodies do not impinge 
on one another. Finally, the bursellae may occur as a large endothelial 
sheetlike structure which partially embraces in its concave surface, an 
entire group of follicles including their capillary plexuses, only a portion 
of a sphere however being formed by a bursella. A group of follicles 
completely surrounded by endothelium was not observed. In minute 
detail the bursellae vary markedly in size as well as in shape and are 
individual, but generally their form is quite similar. Their distribution 
through the gland is fairly regular and numerous with their long axes 
approximately parallel to each other and to the greater diameter of the 
gland. The bursellae, together with their connecting lymphatic capil- 
laries, when injected, appear in a thin section of a cleared tissue to 
have an alveolar-like arrangement (figs. 5, 7 and 8). In the interfol- 
licular plexus, the bursellae are mainly connected by rather long 
unbranching lymphatic capillaries, but not infrequently they anastomose 
with each other by a rather wide connecting ribbon-like endothelial 
channel n Inch appears to form practicallj^ a fusion between the bursellae. 
This is particularly noticeable along the blood vessels (figs 5, 7 and 8). 
The perivascular bursellae frequently appear as broad ribbon-like or 
band-hke channels forming a narrow meshwork with small interstices 
about the blood vessel so that when cross-sections are made through 
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the mesh the entire blood vessel seems to be surrounded by a lymphatic 
channel (fig. 5). That this is only apparent, however, is shown by the 
serial sections. The perivascular reticulum may, however, consist of 
merely a network of lymphatic capillaries, the diameters of which are 
relatively the same and form a more delicate network than that formed 
by the bursellae. The smaller branches and tributaries of the arterioles 
and vessels are not as a rule embraced by the lymphatic vessels. At 
frequent intervals along the course of the blood vessels communicating 



Fig. 7. — Pliotograph of an injected specimen of a dog's tliyroid ; X 
hand section was cleared with Spalteholz’ method. A black perivascular inter 
follicular lymphatic plexus is shown connecting with the e.xtraglandu .ir 
reticulum. The dull graj' background with white spots represents the 
injcction about the follicles. The capillaries were injected with prussiaii i ne. 
Note the bursellae and lymphatic capillaries. 

Ivmphatic capillaries from the interfollicuiar plexus anastomose vid 
the perivascular reticulum. 1 he lymphatic capillaries that 
channels of communication between the bursellae in the intcrfolhcu 
plexus are characterized chiefly by their large size, both in 
diameter in comparison with the blood capillaries, by their niirequciK 
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branching or reception of tributaries and by their lack of formation of 
a vascular network about individual follicles similar to the blood capil- 
lar}^ plexuses (figs. 5, 6, 7 and 8) . Occasionally the lymphatic capillaries 
would be arranged circumferentially about a group of follicles receiving 
radially arranged tributaries from a central nodal point or bursella. In 
one plane this disposition of lymphatic vessels had the appearance of 
an irregular wheel, but, as shown in the dissection of the macerated 
si^ecimens, the rimlike peripheral lymphatic capillary also received tribu- 



''iincnsions tlio vm^ic ™ viewed i„ three 

«■ area'7;“:,.Z:n 

I'Rnres 5 and e are much’more coarsr”Srb'uir'’''''“"''' 
ifio blood capillaries and appear to be I c ^ structure than 
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parenchyma. In comparison, the blood plexus, consisting of arteriole, cap- 
illary and venule is uniform throughout for each individual follicle and 
consists of a finer and more delicate network of vessels through which the 
flow is in two directions (figs. 9 and 10 ). The great majority of the 
lymphatic capillaries are in direct continuity Avith the bursellae but a few 
begin as blind ends of cecal-like pouches Avhich rest among the follicles 
external to the follicular blood capillary plexus. These blind end 
lymphatic capillaries, like the bursellae, probably represent the absorb- 
ing units of the interfollicular plexus. The entire interfollicular lymphatic 
capillary netAvork AAOth the bursellae lies, Avith reference to the follicle, 
external to the blood capillary plexus and unlike the latter does not 



Fig. 9. — Photograph of a iiumaii thyroid follicle with an injected blood capillary 
plexus shoAAung the intimate relation of the blood capillaries to the individual fol- 
licle ; X 85. This follicle Avith the blood capillary plexus Avas dissected from the 
normal human th 3 'roid gland under the binocular microscope after fixation of the 
gland in a diluted solution of formaldehj'de, U. S. P. (1 : 10) and maceration in 
a 50 per cent solution of In'drochloric acid at 60 C. 

completely and specifically embrace each individual follicle. Thus the 
lA’mphatic A-essels do not come intimately in contact Avith the follicles as 
do the blood A’essels but seem to be absorbing units for larger regions 
of parencliA’ina or groujAS of follicles. Differing thus from the bloof 
capillary system, the lymphatic capillary system is not indiAidual) 
dcA’Oted to separate and distinct follicles but rather to the spaces bctA\ctn 
groups of follicles or regions of parenchyma Avhich require a drainage 
svstem for the carrA’ing aAA'ay of tissue fluids, probably not the interna 
secretion of the parenchyma. The latter, purely from an anatomical pon t 
of view, would be more likely to enter the blood stream due to the lac. 
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that a specific vascular network surrounds each individual follicle, and 
the epithelial cells rest directly on a blood vascular reticulum. The 
specific secretion of the thyroid follicle would therefore have to go out 
of its way to avoid the more delicate blood capillary plexus to gain access 
to the lymphatic capillary plexus. This would seem unlikely from the 
structure alone, but, of course, is possible. 

Serial sections were studied in order to determine the presence of anj 
particles of ink either in the lumen of the follicles or within any so-called 
microlj'inphatic capillaries between the epithelial cells. Hou ever, in no 
instance in the 10. 20, 30 or 40 micron serial sections could there be 
(•lemon strated any communication between the lymphatic capillaries of 



Mg. 10. — A photograph of the opposite side of the follicle shown in figure 9. 
This is merely to show the follicle is completely encompassed a very abundant 
capillary network. 

the iitlen'ollicular plexus described and the lumina of the follicles. The 
Itarliclcs of ink were never observed to have entered the lumina of 
the follicles or to have penetrated between the epithelial cells. As 
observed in the cleared sections, the lymphatic capillaries were alwajcs 
situated externally to the blood capillary plexus which specificalh^ 
embraced each follicle. A microcapillary lymphatic reticulum internal 
to the blood capillaries and coursing between the epithelial cells compos- 
ing the follicles could not be demonstrated. 

1 he remaining lymphatic vessels of the thyroid may be divided into 
two mam plexuses: (1) an intraglandular plexus, which is composed 
ot large collecting trunks situated on the surface of the parenchyma along 
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the course of the septums, and which form frequent anastomoses witli 
each other and the inter follicular plexus (fig'. 11) j (2) an extragland- 
ular plexus located about the outer surface of the thjroid external to 
the blood vascular network, which supplies the gland, hut beneath or 
internal to the fibrous capsule investing the thyroid (fig. 12). From the 
latter plexus oi'iginate the larger collecting trunks that accompany the 
superior thyroid vessels to the cervical lymph glands and also the trunks 
that form a reticulum in the pi'etracheal fascia draining into the mecli' 



Fig. 11.— Photograph of an injected specimen of thyroid of a dog. showintr the 
mtraglandular plexus along the course of one of the septums di\iding tlic 
parench} ma of the thyroid gland ; X 12. In the middle of the figure is a large, 
dense black trunk showing a blood vessel partially injected with mercur>.^ To t le 
right of this dense trunk can be seen the beginning of the cftcrent 1> mphatfc trun ^ 
and their formation from the surface plexus. A. In the upper left hand corner 
a paratinroid gland, the hmphatiCi of uhich r\ere not injected and eriient \ 
in communication with the Kmphatics of the tluroid. 


astinul glands (figs. 1. 2, 10 and 11). Except for an incrca-c m sire, 
the interfollicular. intraglandular and extraglnndular lyiniihatic svritm 
of tlie human thvroid is identical with that of the gland m tlie do-. 
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COMMENT 

From a review of the previous contributions to the study of the 
intraglandular lymphatic plexus of the thyroid, one is forced to the 
conclusion that the method of direct puncture of a parenchymatous organ 
result? in the injection of not only lymphatic vessels but also tissue 



Fie. 12. — Camera Iiicida drawing of the surface or the extraglandular plexus of 
a doe V thyroid sliou iug individual follicles of thyroid and the communications 
from the intcrfollicniar ple.xus running into the large lacunae of the surface 
pJcMis; X 15.5. 


^pace^ :nid blood capillaries. This unsatisfactory method of injection 
resulted in many controversial reports and discussions in the literature 
uhich have persisted until the present time in a rather periodic manner 
as inierest in the subject waxes and wane?, throughout the years. It 
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sppesred thst this problem was insoluble, until by g’ood fortunG four dogs 
were encountered which happened to be anatomically so designed as 
to afford a lymphatic plexus across the midline from one thyroid body 
to the other. Thus for the first time is was possible to inject completely 
only the lymphatic vessels of the thyroid gland and be certain that only 
the lymph channels had been injected. The narrow anastomotic lymphatic 



Fig, 13.— Pliotograph of the efferent trunks, b, draining the superior pole 
the right thyroid, d, into the superior cervical lymph gland, a. C is the superio. 
thyroid artery' ; X 2.1. 

ple.xus joining the ttvo thyroids in the dog is inconstant and uould seem 
to be present in about 10 per cent of the animals. This plexus canno^ 
therefore be considered a normal drainage pathway, nor can it bethou^ i 
of as a route of collateral circulation, for it has never been shown t i.-t 
the latter develops in the lymphatic system. The fact remains tha. .nice 
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this plexus is not one which functions as a series of efferent drainage 
lymphatic vessels, fluid injected into these vessels would flow unob- 
structed by valves into only the normal lymphatic channels of the gland. 
Therefore, by the maintenance of a constant head of pressure, complete 
iniection of the finest ramifications of the lymphatic capillaries could 




m 


Fig. 14. — Photograph of the same specimen as sho\\n in figure 13; X 3.6. The 
hmphntic trunk is shown draining into the superior cervical lymph gland, a is 
the superior cervical lymph gland ; b, the efferent lymphatic trunks of the superior 
pole, and r, the superior tliyroid artery. 


be accomplished. The progression of the india ink within the thyroid 
also spoke for the completeness of the injection. Only a portion of the 
sui face of the lower pole contiguous with the pretracheal plexus became 
filled with the solution of india ink. then the center of the thyroid became 
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injected, following which the surface hanphatic vessels and their drain- 
age trunks were in turn filled with ink. Apparently only certain regions 
of the interfollicular plexus are drained specific trunks of the intra- 
glandular and extraglandular 13’mphatic vessels, and these in turn supply 
specific efferent trunks which join with similar large channels away from 
the gland. Therefore, to enter these different channels of the intra- 
glandular and extraglandular plexuses, the solution injected must com- 
pletel}' fill the interfollicular network under sufficient pressure to force 
the solution out along various routes of drainage. The incidence of 
occasional slight extravasations in the specimens proved the presence 
of sufficient pressure within the h-mphatic capillaries. The fact that 
the right thyroid gland was jet black with the solution of ink that had 
filled the entire l3nnphatic S3'Stem inside and outside of the thyroid, 
including the superior cervical and mediastinal h’lnphatic glands, and 
the fact that the long unbranching l3-mphatic capillaries composing the 
interfollicular plexus were bulging with the solution are evidence of 
the completeness of the injection. If an3’^ smaller capillaries had been 
present, the3’ would have become filled or at least partiall3' filled in some 
regions and in some instances. Thus it is felt that complete injection 
has been accomplished onl3' of the l3-mphatic S3'stem. The simultaneous 
injection of the blood and l3miphatic vessels with different colored masses, 
the former blue and the latter black, brought out in marked contrast 
the striking difference in the relation of these two S3'stems to the 
individual follicles. 

The blood capillaries form a complete network about each follicle 
with the epithelial cells resting directl3' on the endothelial wall of the 
capillar3' (figs. 9 and 10 ). The blood capillaries in general run parallel 
to each other from the vessel of ingress to that of egress. The lymphatic 
capillaries form a much more coarse and less intimate plexus in regard 
to the follicles, being situated entirel3’’ outside of the blood capillar' 
plexus. Individual follicles were nowhere observed to be ser'ed "ith 
a specific hanphatic reticulum or in direct contact "’ith either the 
h’lnphatic capillaries or bursellae. The hanphatic plexus occupied ti- 
intervals between the parenclnanatous elements and, from the apparent 
structure of this S3'stem, would serve to drain off the accumulation ot 
nonspecific tissue juices. In certain regions of the cleared sections am 
also in the serial sections, one or more follicles would lie in the conca'A 
of a bursella. but the blood capillar3' ple.xus always lay internal 
Ivmphatic vessels, and in no instance could 3113' follicles be foum 
were completeh- surrounded 133' one or more bursellae. 

The intracellular and intercellular ducts described 
were prohabh' artefacts resulting from extravasations into tissue .p* 
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about the follicle. It is possible by injecting directly into the parenchyma 
of the gland to be studied, as Matsunaga did, to force the injection mass 
into channels other than the lymphatic vessels. Again, and that which 
seems more likely, is that Matsunaga mistook the thickenings or con- 
densations of the intercellular cement substance, called terminal bars 
that surround epithelial cells in a vast interlacing network, for micro- 
capillaries of the lymphatic system. Wilson recently showed that the 
“tubules” or “microcapillaries” of secreting epithelium are terminal bars 
which do not appear at all times, and which often appear only in localized 
areas of a tissue. P’or a complete discussion of the subject of micro- 
capillaries, one should refer to Wilson’s admirable contribution. Frey, 
Boechat, Navalichin and Baber undoubtedly injected successfully the 
inter follicular lymphatic channels, but unfortunately the tissue spaces 
as well, which made their conclusion in part erroneous. Williamson 
and Pearse concluded that the lymphatic system in the thyroid was an 
open one, without having made injections into the gland. In this study 
the lymphatic system was found to be a closed one, as elsewhere in 
other regions and structures of the organism. The so-called “gland 
unit” described by Williamson and Pearse could not be demonstrated. 

In the study of the human thyroid it is to be admitted that the con- 
clusions arrived at are based to a great extent on analogy with the 
thyroid of the dog. However, in every instance in which an obviously 
good injection of the lymphatics was obtained in a region of the gland 
remote from the point of injection, the pattern of the interfollicular 
plexus was identical with that of the dog. It is to be recalled that the 
blood vascular system in man was previously injected with Gerota’s 
Prussian blue mass. The extravasations into tissue spaces occurring 
about the point of injection were easily recognized and impossible of 
confusion with the intraglandular lymphatic system, after one had become 
acquainted with that of the dog. 

In order to be certain that the 10 per cent solution of india ink 
would penetrate the finest capillary bed, injections were made into the 
blood vascular system of the intestine and thyroid of the dog, with the 
result that the solution of ink permeated and completely filled the blood 
capillary branches. 

The exact location at which absorption occurs in lymphatic vessels 
has not been determined, but if some speculation in this respect may be 
permitted from a purely anatomic point of view, the blind cecal-like 
capillaries and the bursellae appear to me to be the chief centers of this 
activit}’ in the thyroid. 


Ti E.: The Nature of the So-Called Alicrocapillaries of the 

iiyroicl Gland and Other Secreting Epithelia, Anat. Rec. 42:243 (May^ 25) 1929. 
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SUMMARY 

1. Complete injection of the lymphatic vessels of the thyroid gland 
of the dog has been accomplished by filling the lymphatic channels 
at a point remote from the gland. 

2. A comparative study has been made of the human thyroid as 
well as of the thyroid of the guinea-pig and of the cat. 

3. The lymphatic system of the thyroid is a closed one. 

4. It would seem unlikely, from a purely structural standpoint, that 
the specific secretion of the gland is transmitted by this system. 



PRIMARY CARCINOMA OF THE JEJUNUM 

REPORT OF A CASE 

FRANKLIN I. HARRIS, M.D. 

Associate Chief Surgeon of !Mount Zion Hospital 

AND 

HAROLD ROSENBLmi, M.D. 

Intern, iNIount Zion Hospital 
SAN FRANCISCO 

Priniar\- carcinoma of the jejunum is of interest because of its rarit}', 
because of its amenability to proper surgical treatment and because of 
its disturbing tendency to be overlooked in diagnosis. The jejunum is 
relatively highly immune to the development of primar}- carcinoma, more 
so than any other portion of the intestine, including the duodenum. 

Accurate estimation of the percentage of the occurrence of primarj’ 
carcinoma of the jejunum is difficult because of its rarity, but a review 
of a large series of autopsies reveals that the incidence of this condition 
is roughly 1 per cent of all intestinal carcinoma. 


REVIEW OF THE LITERATURE 

A series of 41,883 autopsies at the Vienna General Hospital 
(Johnson^), including 343 cases of intestinal carcinoma, did not reveal 
a single case of carcinoma of the jejunum. 

In 1904, Nothnagel ' found 9 cases in 3,585 deaths from cancer. In 
1927, Hellstrom “ collected from the literature 70 cases of carcinoma of 
the jejunum and ileum in which operation had been performed, and 
added 3 more. Since then cases of carcinoma of the jejunum have been 
reported bj' ^lorrison,'* Roblee ® and d’Allaines,® who have each added 
a case. 


1922 
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Primary carcinoma of the jejunum occurs in persons relatively 
younger than those in whom carcinoma develops elsewhere in the intes- 
tines. The decade of greatest incidence ® is from 30 to 40. and men 
are affected about twice as often as women.® 

Type of Lesion . — The type of lesion observed on gross examination 
is most often a circular, constricting, scarred tumor. Less frequently, 
the growth is ulcerative and nonconstricting. Histlogically. the 
growth is nearly always adenocarcinomatous, frequently exhibiting a 
marked desmoplastic reaction. Colloid carcinoma of the jejunum occurs 
rarely.' Primary carcinoma may be simulated by secondary melano- 
epithelioma and by secondary adenocarcinoma of the ovary and 
the uterus. Primary carcinoma of the jejunum metastasizes rela- 
tively late to the regional retroperitoneal lymph nodes. Roblee ® showed 
that carcinoma of the jejunum can metastasize to the ovaries; this fact 
should be borne in mind in diagnosing and treating the latter condition. 


Symptoms . — The symptoms of carcinoma of the jejunum depend 
on whether or not the growth obstructs the intestinal lumen. The 
stenotic type, which is the commoner, causes epigastric distress and 
cramps, constipation and diarrhea, vomiting of large amounts of fluid 
(frequently bile-stained®) and, occasionally, visible peristalsis. There 
is no distention, fecal vomiting or palpable tumor. The nonstenotic 
type, rarer and more insidious, causes anemia due to hemorrhage — 
which is nearl}^ always present and which ma}^ simulate pernicious 
anemia (Denck®) — easy fatigability and, during the later course of 
the disease, emaciation. Anemia may be the only sign. 


Diagnosis . — Carcinoma of the jejunum should be considered in the 
presence of colic in the upper portion of the abdominal midline with 
vomiting, particularly if the vomitus is bile-stained. Pyloric stenosis 
may be closely simulated. The presence of blood in the stools, other- 
wise unaccounted for, is important and suggestive. Roentgen examina- 


tion shows delayed emptying of the stomach, dilatation and atoii} ^ or 
stenotic peristalsis in the occluding ty'pe and sometimes a frank detect 
in outline. Gastric analysis shows a low amount of absence of h\dro 


chloric acid due to the regurgitation of bile.^® 

Treatment . — The treatment for jejunal carcinoma is surgical. Ihe 
operation ma_v be radical or palliatir'e. i. e., resection or gastio-cntero. 
tomy may be employed, the latter to give relief from obstruction. 


7. Craig-. ^dcK.; Lynipli Glands in Carcinoma of the Small IntcUint.-, 

Surg., Gynec. & Obst. 38:479. 1924. , < i, a m.al 

8, Cade. A., and Devic. A.: Cancer d Tangle diindeno;e;miaI. Arcl . . 


de I’app. digestif 10:419, 1920. 

9. Denck. G.: Zentralbl. f. Chir. 54:154. 1927. _ 

10. Lxindbcrg. S.: Carcinoma of the Duodenojejunal Flexure. . 


Scandinav. 56:417, 1924. 
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Radical treatment by resection resulted in a mortality of 38 Per cent 
in 26 cases (Venot et Parcelier and 36 per ceiR in 70 cases (Hell- 
strom®). The immediate mortality, however, was 70 per cent in those 
cases in which operation was performed during acute obstruction and 
only 18 per cent in those cases in which operation was done Avhen no 
acute obstruction Avas present. The primary mortality in 23 cases of 
palliative operation (gastro-enterostomy) Avas 43 per cent, Avhile the 
primary mortality in a series of 23 cases in which radical operation Avas 
performed was 36 per cent. Radical operation is considered the method 
of choice, because (1) regional lymph nodes appearing at the operat- 
ing table to be carcinomatous are frequently only inflammatory; (2) the 
spread of the growth is essentially sIoav; (3) the immediate mortality 
has been shoAvn to be no greater, and (4) removal of the primary focus 
may cause a retardation or retrogression of metastaces. 

Prognosis . — Radical operation offei's a 16 per cent chance of cure. 
Since the growth spreads slowly and is comparatively easily removed 
in early, uncomplicated cases, earlier diagnosis Avould improA’^e this per- 
centage. The nonoccluding type of carcinoma offers a poorer outlook 
because of its insidious manner of groAvth. 

REPORT OF A CASE 

History. — Mrs. B. W., a white woman, aged 42, an American housewife, 
entered the hospital on Feb. 24, 1930. She presented weakness, pallor, shortness of 
breath and pain in the back. Her mother had died at the age of 54 of ’’obstruction 
of the bowel otherwise the familial history was irrelevant. 

Three years previous to admission, curettement had been done. This was fol- 
lowed by left salpingo-oophorectomy and appendectomy. The ej'cs, ears, nose, 
mouth and throat were normal. Constipation had been present for several years. 
The genito-urinary tract had been normal. Menstruation began when the patient 
was 15. Menorrhagia and dysmenorrhea had always been present. Nine years 
previously, the patient began having odorous, black, vaginal discharges following 
each period and lasting almost until the next. Relief was given by the operation 
previously noted. The patient was married at the age of 34; there had been no 
pregnancies. The average weight of the patient was 128 pounds (58.1 Kg.). The 
weight on admission to the hospital was 115 pounds (52.1 Kg.) ; one year pre- 
viously it was 122 pounds (55.3 Kg.) . Her habits were good. 

About two and one half years previous to admission, the patient noticed weak- 
ness, pallor and nervousness, which gradually increased. Later the patient 
consulted a doctor, who said that she had pernicious anemia ; she was treated with 
injections of iron and was given a liver diet. About that time she began to 
notice cramplike pains in the upper abdominal region; this condition was not 
relieved by food or sodium bicarbonate, and it was not associated with vomiting. 
She also noted increasing dyspnea on exertion and edema of the ankles. The 
aforementioned symptoms became progressively worse. The patient then began 
to note a numbness of the fingers and the toes and a dragging ache in the lumbar 
region. Ther e was no history of vomiting, bloody or tarry stools, icteric or clay- 

H. Venot et Parcelier; Rev. de chir. 47:678, 1913. 
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colored stools. The mouth and the tongue were sore. There were no urinary 
symptoms. On two occasions during the year and a half preceding her admission 
to the hospital, roentgen examinations of the gastro-intestinal tract did not show 
any pathologic condition. 


Physical Examination . — The patient was a pale, emaciated, apprehensive 
woman of about 42 ; she complained of pain in the back. The skull and the scalp 
were normal. The skin and the mucous membrane were markedly pale. The 
eyes reacted normally to light and in accommodation, and the pupils \yere equal 
and regular. The nose, mouth and throat were normal. There was no glandular 
enlargement in the neck, and the thjwoid gland was of normal size. Examination 
of the thorax gave negative results. The expansion of the lungs was full and 
equal; there was a vocal fremitus; percussion was resonant; auscultation gave 
negative results. The breasts were wasted ; there were no masses. The heart 
showed the apex visible and palpable in the fourth interspace in the midclavicular 
line; the beat was forceful; the rate was 88; the rhythm was regular; the tones 
were loud and high pitched. There was a blowing systolic murmur at the pul- 
monic area transmitted down the left sternal border and toward the apex. The 
arteries of the peripheral vessels were not palpable. The blood pressure was 144 
systolic and 70 diastolic. The abdomen was moderately distended. There was a 
scar in the lower portion of the abdominal midline extending from the umbilicus to 
the pubes. There was no tenderness; the liver and the spleen were not felt; 
masses were not palpable. Pelvic examination showed a contracted vaginal 
outlet. The uterus was atrophic and was fixed in the anterior position by adhe- 
sions. The fornices were normal. The cervix was atrophic, but otherwise healthy 
in appearance. Rectal and proctoscopic examinations gave negative results. There 
was slight edema of the feet and ankles. The reflexes were brisk. There were 
no pathologic reflexes, and there was no impairment of the sense of position or of 
vibration. Moderate diffuse tenderness was present in the region of the sacro- 
iliac joints. 

Laboratory Examination. — On February 24, examination of the blood showed; 
hemoglobin, 16 per cent; red blood cells, 970,000; white blood cells, 11,650; poiy- 
morphonuclears, 88 ; ly^mphocytes, 8 ; basophils, 1 ; transitionals, 3 ; reticuloc) tes, 
2.5 per cent ; platelets, 200,000 ; color index, 0.45 ; icteric index, 3 ; marked achromia 
and anisocytosis. Urinalysis gave negative results, except for a few pus ce s. 
The urobilinogen was normal. , 

Examination of the stool gave negative results, c.xcept for occult blood, 
Examination of 20 cc. of the contents of the fasting stomach revealed . a color c.. 
specimen, a normal amount of mucus and of rennin, no micro-organisms 
absence of free hydrochloric acid. The tests for pepsin and for occult b oo oSC 
negative results. 

An Ewald meal was given, and tiic first specimen, 10 cc. of the conten s 
the stomach, showed : a colorless specimen, a normal amount of mucus 
rennin, hydrochloric acidity 10, and total acidity o8. The test for pepsin 


negative results. . fue 

The bleeding time was one and one-balf minutes, and the coagulation tin , 

minutes. The blood belonged to blood group no. 2 (Moss). mnAobin 

After the transfusion of 500 cc. of whole blood on February -a, t le le s 


was 31 per cent and the red blood cells numbered 2,800,000. 

February 28; Roentgen examination by Dr. Lloyd Bryan shove . un 
clear ; heart and arch, normal : no delay in the esophagus , good -.(.jp:; 

tion and free movement of the stomach; no defects in gastric ont me, 



harris-rosenblum-carcinoma of jejunum 809 

moderate; antrum and pylorus, smooth; cap, large, and smooth in outline. There 
was considerable dilatation and delay in the descending and transverse duodenum. 
In the last portion of the duodenum there was a narrow constricted area directly 
beyond which there was a round smooth indentation about 2.5 cm. in diameter, 
which suggested a polyp or a benign tumor (fig. 1). A diagnosis of pancreatic 
tumor or some other type of retroperitoneal tumor, with pressure on the small 
bowel, could not be excluded. An opaque enema showed the colon to be normal. 

March 3; After the transfusion of 500 cc. of whole blood, the hemoglobin was 
53 and there were 4,100,000 red blood cells. 



Fig 1.— Roentgenogram showing a polypoid-like irregularity in the first part 
of the jejunum. This mass proved to be carcinoma. The same radiographic pic- 
ture was seen on plates taken six months previously, but no significance was 
attached to it at that time. 


P)copcrativc Diagnosis.~{l) A polyp in the first portion of jejunum- (2) 
carcinoma of the body of the pancreas. 

OpciaUvc Procedure.— March 4: An incision was made in the upper midline, 
hen the peritoneal cavity was opened no free fluid was noted. The mesocolon 
nas lifted back on the epigastrium, and the proximal portion of the jejunum was 

ligament, the jejunum was 
< 0 utely fixed and seemed to extend from a large hard mass which appeared to 
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be retroperitoneal and to involve the entire surface of the pancreas. Digital 
exploration of the lumen of the fixed portion of the jejunum showed it to be con- 
stricted so that the latter could not be moA^ed; it appeared to have a hard 
cartilaginous lining which was suggestive of annular malignancy witliin the bowel 
at the portion of the jejunum immediately distal to the duodenojejunal junction. 
No attempt was made to explore this mass further, as it seemed to be fi.ved and 
there was apparently a hemorrhagic infiltration into the free portion of the 
jejunum as it came out of the mass. A small gland was felt at the mouth of tlie 
mesentery of this proximal portion of the jejunum, and this was carefully e.xciscd 
and saved for microscopic examination. 

In view of the fact that the duodenojejunal region apparently was doomed to 
absolute obstruction in the near future, it was decided to do a gastro-enterostomy. 
This was done in the usual manner. A little difficulty was encountered in going 
through the mesocolon, for it appeared to be closely adherent to the posterior 
Avail of the stomach, possibly the result of an inflammatory reaction frotiA the 
malignant process occupying part of the loAver segment. There Avere also noted 
in the anterior region of the Avail of the stomach tAVO small, hard nodules, the size 
of a pinhead, AAdiich Avere suggestive of metastases. Exploration of the liver 
shoAA'ed it to be apparentl}'’ free from metastases, and no glands AA'cre felt in the 
mesocolon or the omentum. The abdominal incision AA’as closed by heaA'j', braided 
silk. 

The postoperatiA^e diagnosis Avas retroperitoneal tumor, possibly sarcoma; 
carcinoma of the pancreas. 

Postoperative Course. — The patient’s convalescence Avas satisfactory for the 
first five days foIloAving operation. On the sixth day after operation, symptoms 
developed that Avere suggestive of partial intestinal obstruction. These symptoms 
and signs Avere A'ery indefinite, hoAvever, and continued Avith some remission until 
March 16,' wheiA the patient’s condition took a sudden turn for the Avorse and 
operation was again performed. A complete intestinal obstruction was found due 
to knuckling of a loop of small boAvel Avhich aa'Us incarcerated in some old adhesive 
bands Ioav doAAm in the pelvis; this condition AA'as the result of a laparotomy per- 
formed three years before. The patient AA-as in extremely poor condition, and dio.l 
the folloAving da3^ 

The following obseiwations were made at autopsy by Dr. G. Y. Rusk, 
professor of pathology, University of California Medical School . 

OA'erlying the spinal column behind the stomach and e.xtending to about 5 cm. 
beloAV the pancreas AA'as a mass of tissue. This region AA'as removed, together witj 
the adjacent A'iscera. The stomach was of normal size. A gastrojejimostom\ 
been performed, the operative region being in excellent condition. I he stoma 
readih' admitted tAvo fingers. The mucovAs membrane of the stomach, except tor 
this opening, appeared to be normal. On continuing the opening of the inte.stma^ 
tract at a point just bej'ond the duodenum there AA'as found an extensiAC, 
rough area Avith e.xcrescences from gramAlar to nodular and Avith 
persistent mucous membrane scattered OA'er a hypercmic surface. The 
area encircled the intestine for a distance of about 7 cm. The A\all of the m c 
shoAved some slight thickening, but in general the condition appeared 
superficially rather than to invade. At approximately the center of the _ 

area, on its superior and posterior aspects, a channel occurred " '’ich at nut e 
little finger, and a mass of tissue extended upAvard and backward ye imt 
creas and behind the stomach. This mass of tissue formed an irregular. 
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Fig. 2. — Diagrammatic sketch showing extent 
the primary carcinoma of the jejunum. 
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cord, externall}^ fibrotic, but on section showing irregular patches of necrosis and 
at times fine stippling in a background of translucent connective tissue. The 
fibrotic reaction extended into the pancreas as it passed. There were adhesions in 
the lesser sac, and the upper portion of this mass formed a bulging area on the 
posterior wall of the stomach directly to the right of the midline. This bulging 
covered an ovoid area about 3 by 4 cm. No evidence of distant metastasis was 
found. Following the lumen of the jejunum, the gastrojejunostomy was again 
encountered. 

The internal genitalia were matted in chronic adhesions, as previously noted. 
The uterus and the bladder appeared to be normal. The right ovary seemed small 
and showed superficial adhesions. The mesenteric lymph nodes appeared moder- 
atelj" enlarged, but were otherwise normal. 

Under microscopic examination, sections of the carcinoma that were taken from 
the jejunum adjacent to the point of perforation showed a bit of mucous mem- 
brane with normal epithelium which ceased rather suddenly. Here the surface 
showed the same characteristics of the general carcinomatous process. The new 
growth abruptly broke through the submucosa and consisted of a more or less 
delicate branching stroma in the interstices of which there was a papillary adeno- 
carcinomatous structure (fig. 3). The epithelial cells of the growth were of a 
fairl}' uniform type; they were cuboidal and were usually one layer thick; occa- 
sionally they formed small thickened clusters. In the stroma there was a mod- 
erate amount of lymphocytic infiltration in places, and two small thrombosed 
vessels were seen. Several sections taken from the depths showed extensive 
necrosis ; groups of adenomatous and papillary structures were seen in the necrotic 
regions; there were also areas in which the carcinomatous tissue grew diffusely, 
and there was a more or less desmoplastic background. At the various levels, 
cells in mitotic division occurred, but they were not numerous. 

The liver, pancreas, spleen, stomach and kidneys showed no evidence of metas- 
tatic involvement. 

SUMMARY 

In cases of primary carcinoma of the jejunum that have been 
reported, this growth is noted for its infrequency. The history of the 
present case illustrates the error which is frequentl}" made, namely, the 
diagnosis of this condition as pernicious anemia. Roentgen e.xainina 
tions by a competent man may also give erroneous results, unless the 
clinician directs the roentgenologist’s attention to a careful examination 
of the intestinal tract immediately beyond the stomach. ^ 

Insufficient importance is attached to the patient s complaint o 
pain in the lower portion of the back which is associated with scicre 
anemia. This symptom should make one suspect the presence ot 
tumor in the region of the pancreas. The reference of pain from esion^ 
in this locality is not generally known, and in cases of anemia it 
often assumed to be due to the usual asthenia associated luti 

primar}- and secondarv- anemia. _ ^ 

Early diagnosis lends hope for radical resection vith cure, a- 
tant metastases are relativel}' infrequent. The case pre;-cntc cci 
strates an advanced growth which showed extension on > i” ^ 
immediate retroperitoneal region of the pancreas and the .'tomac 
no involvement of the adjacent mesenteric lymph node?. 



OSTEOGENIC SARCOMA OF THE LEFT TIBIA IN 
A PATIENT WITH OSTEITIS DEFORMANS =■= 


PAUL J. BRESLICH, M.D. 

The John Borland Fellow in Medicine 

CHICAGO 

A review of the reports in the literature concerning the incidence of 
sarcoma in bones affected by osteitis deformans suggests that this com- 
plication may not be as common as the original work of Paget ^ indicated. 
Osteitis deformans is a comparativel}'^ rare disease, and in 1927, Bird - 
found that the incidence in the larger hospitals of Boston was only 1 in 
every 15,000 patients admitted. This agreed with the results reported 
by Da Costa, Funk, Bergeim and Hawk,? who observed only 3 cases 
among 38,000 patients admitted to the Jefferson Hospital in Phila- 
delphia. In 1901, Packard, Steele and Kirkbride •* collected 67 instances 
of osteitis deformans, of which 5, or about 7.5 per cent, were com- 
plicated by sarcoma of the bone. Higbee and Ellis ® stated that at least 
5 of 158 instances of Paget’s disease reported up to January, 1911, were 
associated with sarcoma of the bone, and Bird - in searching the records 
of four Boston hospitals found that among 64 patients with osteitis 
deformans 7 had sarcoma of the bone. Speiser ® stated that in 6 of 
approximately 150 cases of osteitis deformans that he collected in 1928 
the bones had undergone sarcomatous degeneration. The incidence of 
sarcoma in Paget’s disease has been estimated as high as 10 per cent, 
but according to Speiser ® it is about 2 per cent, since so many uncom- 
plicated cases of osteitis deformans have not been reported. Even with 
an incidence of 2 per cent, Speiser ® expressed the belief that sarcoma 

* Submitted for publication, Feb. 1, 1931. 

* From the Henr}^ Baird Favill Laboratory and Surgical Service “A” of St. 
Luke’s Hospital. 

1. Paget, James: On a Form of Chronic Inflammation of Bones, Tr. Med - 
Chir., London 60:37, 1877. 
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occurs about thirty times more frequently in combination with Paget's 
disease than statistics dealing with the occurrence of sarcoma of the 
bone in general would lead him to expect. 


REPORT OF A CASE 

J. C D., a white man, aged 66, when first admitted to St. Luke’s Hospital on 
Dec. 7, 1928, complained of dull, aching pains of several years’ duration between 
the scapulae, along the spine, in both hips and in the left leg. For ten years he had 



Fig. 1. — The medial side of the left leg. 


noticed that his legs were slowh- bowdng outward, and about fifteen months beiorc 
entering the hospital he had bruised the left shin. Pain and tenderness pcrsistct 
and gradually became severe. The roentgenograms demonstrated a c\ stliKe 
in the left tibia at the junction of the middle and lower third of the bone, 
otherwise showed the changes usually found in osteitis deformans. Sc'cn 
previously the right femoral vein was thrombosed, and because of bloof - 
sputum a diagnosis of infarct of the lungs had been made. Since then 
been progrcssi\c muscular weakness and dyspnea on physical evcrfion. - ^ 

instances of Paget’s disease had occurred in the family. The c>st of t ic oi - 
curetted and drained ; it contained only a small amount of changed ) oo(- 
pain in the left leg did not subside, the patient returned to the ho-pita , 
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Oct. 7 1929, Dr. L. L. McArthur reopened the tissues and curetted out several 
pieces of opaque white tissue of the con.sistency of a hyperplastic lymph node which 
were diagnosed as osteogenic sarcoma. The examinations of the blood made at 
this time disclosed: 4,530,000 erythrocytes, 91 per cent hemoglobin and 13 9UU 
leukocytes per cubic millimeter. The calcium of the blood varied from 11.09 to 
12.2 mg. per hundred cubic centimeters of serum and the phosphorus from 3.83 
to 3.9 mg. per hundred cubic centimeters. The excretion of calcium in the urine 
varied from 0.142 to 0.217 Gm. per twenty-four hours, while the inorganic phos- 
phorus excreted was about 0.6 Gm. No changes were observed in the urine.- The 
patient was discharged four days after admission and returned on December 2, 
the tumor having increased in size. On the following day. Dr. L. L. McArthur 
amputated the left leg near the middle of the thigh. Except for a slight post- 
operative fever, the patient recovered rapidly from the operation and was dis- 
charged on December 24. He died outside of the hospital on Aug. 10, 1930, 
and although a postmortem examination was not made, clinically there were no 
metastases and no recurrence of the sarcoma. 

The following descriptions are taken from laboratory records of the hospital 
as reported by Dr. Edwin F. Hirsch. The material removed from the growth 
in the left tibia by Dr. L. L. McArthur on Oct. 7, 1929, was embedded and cut by 
the paraffin method, and sections were stained with hematoxylin and eosin and 
phosphotungstic acid-hematoxylin. Histologically, the growth consisted of meso- 
blastic tissue, the cells of which were closely laid together in a mosaic. They had 
an abundant granular cytoplasm and large oval vesicular nuclei with large gran- 
ules of chromatin. In the interstices between the cells there was a variable amount 
of hyaline substance. In edematous regions where the cells were more widely 
separated, the matrix was laid down in coarse fibrils and showed marked affinity 
for the purple of the hematoxylin and eosin stain. Small masses of necrotic bone 
were irregularly distributed. Many cells were in active mitosis. In sections 
stained with phosphotungstic acid-hematoxylin the hyaline matrix had an orange- 
red color like that of bone. 

The left leg was amputated above the knee. There were two defects of the 
skin above the knee where flaps had been cut away, and the tissues included the 
distal 8 cm. of the femur. The cortex of the femur at the level of amputation 
was 1.5 cm. in thickness, and the medullary canal was 1.4 cm. in diameter. The 
medullary tissues were soft red marrow supported in a meshwork of narrow bone 
trabeculae. There was an ovoid swelling in the tissues of the lower part of the 
leg, the center of which was 9 cm. above the internal malleolus. The skin over 
this swelling was ulcerated in a region 4 by 3 cm., and the margins of the ulcer 
were raised about 1.5 cm. above the surrounding tissues of the skin. Beneath the 
ulcer was a hard mass firmly attached to the bone, and when the soft parts 
were stripped away there was an anterior bowing of the tibia equal to about 3 
cm. On the surfaces made by bisecting the tibia sagittally the new growth 
involved the shaft of the bone in its entire thickness and circumference; it was 
about 8 cm. in diameter. The white granular tumor tissue was mottled ryith a 
few small hemorrhages. The thickness of the cortex of the tibia immediately 
above and below the tumor was 1.2 cm., and the bone was coarsely porous and 
soft. The cortex gradually thinned out proximally so that just below the knee 
the thickness was about 0.5 cm. The marrow canal was 1 cm. in diameter near 
the tumor and it widened proximally as the cortex decreased in thickness. The 
periosteum over the thickened cortex was as thick as 3 mm. The articular car- 
tilages of the tibia were unchanged, and the lymph nodes in the popliteal space 
were not enlarged. 
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Fig. 4. — Photomicrograph illustrating myeloid giant cells in certain portions 
of the tumor. 
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Histologically, the tissues from the tumor under the skin were compact masses 
of spindle and oval cells with a scant Hhrous stroma. The cytoplasm of the cells 
was light pink, finely granular and abundant; the nuclei varied considerably in 
size, shape and chromatin content, and many cells were in mitosis. Giant cells 
were scattered singly or in groups in the tissues ; most of them had four or five 
nuclei, but some had twenty. The tumor was moderately vascular, and the capil- 
laries were surrounded by masses of tumor cells. Portions of the tumor were 
necrotic and infiltrated with polymorphonuclear leukocytes. Tissues taken from 
the marrow canal closely resembled those from the mass under the skin, except 
that they contained regions of osteoid tissue. In sections of the cortex taken 
from the tibia just above the tumor, the spongy bone consisted of narrow irregular 
trabeculae and spicules. The edges of the trabeculae of the bone were e.xtensively 
eroded, and in many of the crypts there were myeloid giant cells. The trabeculae 
were covered by a narrow layer of osteoblasts. A loose, irregularly arranged 
fibrous tissue containing a few scattered fat cells were supported by this bony 
framework. There were also many dilated, thin-walled capillaries, and in some 
places, masses of plasma cells and lymphocytes as in chronic inflammation. 

All of the writers who have reported cases of sarcoma in bones witii 
osteitis deformans agree that the relation between the two diseases is 
more than a mere coincidence. Gruner, Scrimger and Foster ' stated 
that the chief difference histologically between the tumor tissue and the 
fibrous tissue between the ti'abeculae of the diseased bone is the apparent 
unrestrained growth of the former and that the tumor growth seems to 
be added to an already altered osseous tissue. Yon Albertini,® in a 
report on the pathologic process in Speiser’s case stated that the marrow 
in the bones affected by Paget’s disease was in many places converted 
into a cellular sarcomalike tissue composed of large spindle cells. Ibis 
tissue did not invade or destroy the surrounding structures, and von 
Albei'tini ^ considered it an intermediate stage between the chronically 
inflamed fibrous marrow and the associated polymorphocellular sarcoma. 
He concluded that while osteitis deformans may not necessarily be a 
presai'comatous disease, in some instances it may give rise to pre- 
sarcomatous tissue. In the case reported by Fedder ” there wei e multiple 
tumors in the diseased bones. As the normal bones were not invohe . 
Fedder ^ suggested that the affected bones had undergone malignant 
degeneration in many places. Speiser’s patient attributed the onset ot 
the tumor to a trauma, but von Albertini ® believed that the c ironic 
inflammaton' changes in the bone marrow were of far greater ctio o^jW 
importance. On the basis of roentgen and histologic examinatioi 

7. Gruner. 0. C.; Scrimger. F. A. C., and Foster, L. S.; 

Histological Study of a Case of Paget’s Disease of the Bones with . u tii 
coma Formation. .Arch. Int. Aled. 9:641 (June) 1912. 

S. von .Albertini, A.: Ueber Sarkombildung auf^ dem Boden dcr 
deformans Paget, Virchows Arch. f. path. Anat. 268:259, 1928. 

9. Fedder, L. : Ostitis deformans mit sekundaren Riiiukcllcnsarcoma o t. 
Portschr. a. d. Geb. d. Rontgcnstrahlen 31:391, 1924. 
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Stohr concluded in his report that a pathologic fracture of the bone 
was the stimulus that gave rise to a polymorphocellular sarcoma. 

About 22 instances of sarcoma involving bones affected by Paget s 
disease have been reported ; 19 of these cases occurred in men and 3 in 
women. The ages of the patients ranged from 36 to 72 years; the 
average age was about 55. The time elapsing between the onset of 
Paget’s disease and the appearance of the sarcoma was frequently 
unknown, but in 7 of 12 patients, osteitis deformans was known to have 
existed for ten or more years. In several instances, Paget’s disease of 
the bone was not suspected until it was demonstrated by roentgenograms 
of the tumor. In 6 cases there was a definite history of trauma. 

All of the tumors described by Bird - were fibrosarcomas with more 
or less production of bone and giant cells. He considered the giant 
cel! tumors reported by Packard, Steele and Kirkbridge * and by Heaz- 
litt as new growths of this nature. The tumor reported by Gruner, 
Scrimger and Foster ^ was an osteogenic sarcoma and that reported 
by Fedder,® a round cell sarcoma, while the bone described b}’' Ranso- 
hoff was diagnosed as a mixed cell sarcoma. Most of the tumors 
grew rapidly and metastatized widely. 

It is interesting to note in the case herein reported that the concen- 
tration of phosphorus in the blood was within normal limits, and the 
amount of calcium in the blood was only slightly elevated. 


SUMMARY 

A review of the literature discloses that sarcoma is a relatively fre- 
quent complication of osteitis deformans (Paget’s disease), although 
only about twenty-two reports concerning this condition include a com- 
plete pathologic description. 

Sarcoma of the left tibia, developing in a patient who had had 
Paget’s disease for ten years preceding the appearance of the tumor, is 
described. 


Wcltchf ' 79 fi 23 ]!^j 929 deformans Paget, Wien. med. 
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CONGENITAL MALFORMATIONS OF THE INTES- 
TINAL TRACT AND BILE DUCTS IN 
INFANCY AND IN CHILDHOOD* 

WARREN H. COLE, IM.D. 

ST. LOUIS 

111 a series of 45,000 admissions to the St. Louis Children’s Hospi- 
tal during the past fifteen years there have been 81 instances (see table) 
of congenital malformation of the intestine and bile ducts. Obviously, 
most of the lesions herein described occurred in new-born infants, many 
of whom were admitted from the maternity wards of Barnes Hospital. 

Although hypertrophic pyloric stenosis, as seen in infants, is 
dependent on a congenital cause, it will not be discussed in detail since 
a review of the cases occurring in this clinic was recently made by 
Clopton and Hartmann.^ They reported a total of 81 cases in which 
an operation was performed. The history in these cases is usually 
typical. The first two or three weeks of life may be uneventful or 
broken by an occasional attack of vomiting. During the third or fourth 
week the obstruction becomes most marked and the vomiting is prac- 
tically alway'^s projectile. A tumor may or may not be felt. Peristalsis 
can usually’- be demonstrated, especially’- after feeding. The occurrence 
of dehy’dration and alkalosis may be rapid. Clopton and Hartmann 
strongly”- emphasized the fact that an operation should never be con- 
sidered until these two factors are controlled by^ “combined” solution, 
dextrose, transfusions, etc. The method of administration of Hart- 
mann’s combined solution is given elsewhere. The most remarkable 
feature of their report is the reduction of the mortality’- to 4 per cent 
in the last 50 cases. The correction of dehy^dration and alkalosis along 
with the careful specific operative technic advocated by- Clopton prob- 
ably’ accounts for this sharp reduction in mortality’-. The operation is 
performed on an improvised hot water table after the extremities ha\e 
been wrapped with roll cotton. Rarely’ does the local anesthetic (0-a 

Submitted for publication, Dec. 26, 1930. 

’■ From the Department of Surgery, Washington Universit}’ School of Mcdi 
cine, and St. Louis Children’s Hospital. 

* The cases reported are from the service of Dr. if. B. Clopton, at 
suggestion the work was undertaken. Dr. W. iMcKim ^farriott allowed the ” 
sion of many cases from the medical service of the St. Louis Childrens o^pi a 

1. Clopton, M. B., and Hartmann. A. F.: The Fredet-Rammstcdt Opcmtion 
for Congenital Pyloric Stenosis, Surg.. Gyncc. & Obst. 47:527, 29-4 
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per cent procaine hydrochloride) have to be supplemented by a general 
anesthetic, especially if the incision is made high on the right side so 
that the liver aids in preventing evisceration. The tumor is split by a 
blunt dissector longitudinally over an avascular area down to the sub- 
mucosa, until the normal tough intestinal or gastric wall is encountered 
on each end. Just before one ties the last suture in the peiitoneum, 
from 100 to 150 cc. of physiologic solution of sodium chloride. Ringer’s 
solution or combined solution should be introduced into the peritoneal 
cavity. About four hours after operation, water and feedings are 
allowed, from }4 to 1 ounce, and gradually increased to normal by the 
third or fourth day. The details of the care of the infants and technic 
of operation are given by Clopton and Hartmann. 

Since intussusception is not dependent on an obvious congenital 
deformity that can be visualized, this subject will also be omitted in 
the present survey. In a recent publication, Clopton ^ emphasized the 
importance of making an early diagnosis in these cases, since the mor- 
tality figures increase rapidly with the duration of symptoms. In a 
review of the literature on intussusception he was able to find only a 
few cases in which the patient survived operation when a resection 
was necessary. On the other hand, when the intussusception had been 
present only a few hours and there was no gangrene, few deaths 
occurred. 

MALFORMATION OF THE INTESTINE 

Incidence . — Perhaps the first instance of malformation of the intes- 
tine is that reported by Calder ® in an infant with atresia of the 
duodenum. In 1912, Spriggs * made an exhaustive study of the sub- 
ject, assembling the reports of 328 cases from the literature (excluding 
occlusions of the pylorus and anus). He made a thorough study of the 
possible etiologic factors. In 1922, Davis and Poynter ® collected the 
cases of intestinal atresia reported in the literature, recording a total 
of 401, and classified them as follows, according to the area involved: 
duodenum, above the papilla, 59 cases ; duodenum, below the papilla, 75 ; 
jejunum, 60; ileum and cecum, 101 ; colon, 39, and multiple atresia, 67. 
From their classification it can be seen that in almost exactly 33 per cent 
of cases the atresia occurred in the duodenum. 


_ 2. Clopton, Id. B.: Intestinal Obstruction in Infants, J. Missouri M. A. 25: 
13/, 1928. 

o. Calclcr, J. : Ideclical Essays and Observations, Edinburgh, Philosonhical 
Society 1:203, 1733; quoted by Davis and Po 3 'nter (footnote S). 

Congenital Intestinal Occlusion, Guy’s Hosp. Rep. 66:143, 

0. Davis, D. L., and Poynter, C. W. M.: Congenital Occlusions of the Intes- 
tines, Surg., Gynec. & Obst. 31:35, 1922. 
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By combining the reports of Quinland ® and von Koos,' Thorndyke ® 
found an incidence of 1 case of atresia of the intestinal tract to 9.288 
births in a series of 371,541 births. Two instances of complete atresia 
of the intestine (duodenum and terminal ileum) were encountered in 
6,300 births occurring in the maternity wards of Barnes Hospital. It 
must be remembered, however, that the foregoing figures deal only with 
atresia and that the occurrence of stenosis or partial occlusion by bands, 
etc., is far more frequent than that of atresia. Atresia at the pylorus 
apparently is rare. I was able to find reports of only four cases in the 
literature. 

Morbid Anatomy. — Four different types of obstruction due to con- 
genital malformation are recognized: (1) Peritoneal Bands: This is 
pei'haps the one most frequently encountered. In many instances tljc 
obstruction is only partial, and occasionally the patient may grow to 
maturit}’^ before the condition requires operative intervention. These 
bands are perhaps more frequently encountered in the ileocecal region 
and about the duodenum than anywhere else. Although the impression 
might be gained that the bands are secondary to inflammatory processes, 
I am inclined to believe that they are dependent on embryonic defects, 
such as an excessive deposit of tissue at points of fixation (e. g., the 
duodenuih) or abnormal fixation of embryonic structures which 
normally are obliterated before birth. (2) Stenosis : This type is fre- 
quentl}- encountered, usually revealing a narrowdng of the bou'cl over 
a variable distance with constriction of the lumen to a size barely 
admitting a probe. Occasionally the stenosis is so marked that nothing 
more than a fibrous cord intervenes between the segments of norma! 
bowel. Usuall}’’ the stenosis extends over a distance so great that an 
anastomosis is necessar)’ to correct the defect, but in two of the present 
cases the stenosed portion (pylorus and terminal ileum) was so short 
that a Mikulicz operative procedure was sufficient to relieve the obstruc- 
tion. (3) Atresia: Occasionally the termination of normal bowel is 
so abrupt that a blind loop is formed, usually without tissue (such as 
a fibrous cord) intervening between the segments of normal bowel. 
About 15 per cent of atresias of this nature are multiple. (-^) 
Diaphragm : In the duodenum and ileocecal region, rarely elsewhere, a 
diaphragm of tissue is occasionally found which abruptly breaks the 
continuity of the lumen. The patency of the lumen is regained imme- 
diately distal to the diaphragm. In some instances this diaphragm ha= 

6. Quinland, W. S.: Congenital IMalformation of Intestine: .•\frcsia and 

Imperforate Anus, Boston ^I. & S. J. 187:870, 1922. ^ .. . ., 

7. von Koos, .A.: Congenital Atresia of the Duodenum, Jalirh. f. Kinderi.. 

93:240, 1920. ^ . c. 

8. Thorndyke. A. : Duodenal .Atresia and Stenosis in Infancy. Boston . 

S. I. 196:763. 1927. 
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no opening to allow passage of the intestinal contents ; usually howe^^er 
an opening is present. Cannon and Halpert_^ recent y reported a case 
of perforated diaphragm of the duodenum in a gir years o ag , 
whose death presumably was caused by a rupture of the stomach which, 
in turn, was probably produced by the administration 
rainhig excessL amounts of fluid. They were able to find the records 
of five cases in which there was complete obstruction produced by an 
imperforate diaphragm interrupting the lumen of the duodenum at 
about the level of the papilla of Vater. As far as Cannon and Halpert 
could determine, only two cases besides their own had been reported m 



big. I. — Congenital malformations occurring in the intestine; (1) stenosis with 
partial obstruction ; (2) occlusion with a blind loop ; (3) blind loop with a gap in 
the mescnterj'; (4) obstruction by a fibrous band (found usually in the third part 
of the duodenum or the terminal ileum) ; (5) obstruction at the ligament of 
Treitr; occasionally an anomalous superior mesenteric artery is the chief factor 
in producing the destruction (see report of cases) ; (6) cross-section of intestine 
showing perforated diaphragm; this occurs usually in the duodenum or the ter- 
minal ileum ; (7) cross-section of imperforate diaphragm, and (8) multiple occlu- 
sion of the ileum or jejunum; this constitutes about 15 per cent of the atresias of 
the intestine. Clinically, the dilatation of the pro.ximal loop with collapse of the 
distal loop, is usually even more pronounced than shown in the illustration. 

9. Cannon, P. R.. and Halpert, Bela: Congenital Stenosis of the Third Por- 
tion of the Duodenum with Acute Occlusion and Rupture of Stomach, Arch Path 
Suill (Oct.) 1929. 
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which the opening in the congenital diaphragm was so small that obstruc- 
tion was produced when the child’s diet was changed from liquid to 
solid food. ( 5 ) Defective Rotation; Innumerable possibilities exist 
for the production of obstruction because of incomplete or defective 
rotation. Anomalies of this kind were thoroughly discussed bv Dott.^® 

Etiology . — Numerous theories have been expressed in an attempt to 
explain the production of the various occlusions found. To understand 
them fully and to attach proper importance to the respective theories, 
a brief discussion regarding the embr3"ology of the intestine should be 
included here. Until the fifth week of fetal life the alimentary tract 
m the human embryo is a straight tube. Shortly afterward the tube 
becomes curved. From the upper loop (duodenal) two outgrowths 
appear: an anterior one, which forms the liver, and a posterior one, 
which gives rise to the pancreas. The omphalomesenteric (vitelline) 
duct serves as an avenue of communication between the alimentary tract 
and the 3mlk sac early in enibr3mnic life, but becomes obliterated some 
time during the third or fourth month. Persistence of the intra- 
abdominal portion of the vitelline duct gives rise to a Meckel’s diver- 
ticulum. 

1 . Bland-Sutton’s Theor3’-: Perhaps the most acceptable theory of 
the formation of intestinal occlusions is that offered b3^ Bland-Sutton,” 
who claimed that they occur at the site of embryologic events. Accord- 
ingl3', one can readily understand that if the anal pit (proctodeum) fails 
to unite with the hindgut, an imperforate anus results. Likewise, if 
the stomodeal invagination that forms the mouth does not unite with 
the foregut an imperforate phar3mx results. Should the process of 
closure of the base of the vitelline duct proceed too far in the ileum 
during fetal life, an occlusion in the terminal ileum would be found 
after birth. Obviousl3'^, the location of Meckel’s diverticula must be 
clearl3' established before one can offer that condition as a factor in the 
production of lesions in the ileocecal region of the distal portion of the 
ileum. In an anatomic stud3' Lamb,*" discovered that onU two fiftb^ 
of the cases of Meckel’s diverticula occurred in that portion of ileum 
within 1 foot of the ileocecal valve. Bland-Sutton also remarked that 
duodenal diaphragms occur at the point where the diverticulum 
to form the liver and the pancreas. It seems possible that man)' of t ^ 
duodenal bands and occlusions caused b)' excessive fixation mig it ^ ‘ 
due to incomplete absorption of the stem processes that support t ‘ 
liver and the pancreas as thev bud forth from the duodenum | 
fetal life. Snaring of loops of bowel at the umbilicus during feta 

10. Dott, X. Anomalies of Intestinal Rotation, Brit. J. Surp. II.— ’’b t 
1924. 

11. Bland-Sutton. J.; Imperforate Ileum, Am. J. M. Sc. 98;4a/. 1^- 

12. Lamb. D. S.; The Meckel Diverticulum. Am. J. ^f- Sc. I05:6.W. 1 ••• 
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should probably be included under the same heading. Obviously, if 
the umbilical ring should close too rapidly, the circulation of part or all 
of the loop outside the peritoneal cavity would be cut off. In this event, 
it seems plausible that there would be an atrophy of that part, resulting 
in an atresia or stenosis. 

2. Vascular Defects; It was suggested by Jaboulay “ and Wyss 
that in many instances intestinal atresia or stenosis is due to defects in 
the vascular’ supply of the intestine. Little and Helmholz encoun- 
tered a case of atresia of the pylorus that, in their opinion, was produced 
by a defective arterial supply, including absence of the following 
arteries : pancreaticoduodenalis superior, gastro-epiploica and the pyloric 
branch of the hepatic artery. In my estimation vascular anomalies serve 
as the chief mechanism in the production of atresia and stenosis in more 
cases than is ordinarily considered. 

3. Defective Intestinal Rotation: Dott presented a thorough 
description of the mechanism of rotation and the types of obstruction 
produced. Many instances of volvulus occurring at the time of birth 
are caused by lack of fixation of parts (e. g., the ileocecal region) or 
excessive length of the mesentery in certain areas. It seems possible 
that obstruction by peritoneal bands might be part of an excessive fixa- 
tion occurring during the process of rotation. In rare instances reversed 
rotation takes place (in a clockwise direction), placing the transverse 
colon posterior to the duodenum and constricting the colon by mesentery. 
If excessive rotation takes place, the loop of bowel at the stem of the 
involved loops will be obstructed and perhaps injured by a defective 
Ijlood supply. However, most cases of defective rotation produce no 
obstruction. 


4. Miscellaneous Causes : Numerous theories have been mentioned, 
which individually do not seem as important as the ones mentioned when 
considered as causes of obstruction. Tandler described an excessive 
amount of epithelial cells occurring in the duodenum of 30 to 60 day 
embryos. Under such circumstances it seems possible that the 
diaphragm found within the lumen at this site might be produced b}'^ 
failure of these areas of epithelial proliferation to disappear completely. 
Another factor that has been mentioned as a possible cause of intestinal 
atresia and stenosis is fetal peritonitis. Although it is known to occur, 
I feel that its importance in the production of atresia has been exa^- 


1.^. Jaboulny: Chirurgie des centres nerveus, Paris. 0. Doin, 1902, vol. 2 n 
4.L quoted by Spriggs (footnote 4). 

14. V\ss. Beitr. z. klin. Chir. 26:631. 1900; quoted by Spriggs (footnote 4). 

lo. Little. H M.. and Helmbolz. H. F.: Situs Transversus and Atresia of 
tbe Pvlorus, Bull. Johns Hopkins Hosp. 16:249. 1905. ^ 

16. Tandler; Morpbol. Jabrb. 29:187, 1902; quoted by Spriggs (footnote 4). 
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gerated, since it seems unlikely that a stricture would be found in the 
absence of other signs of peritonitis. Moreover, except in syphilitic 
persons, the occurrence of peritonitis or intestinal ulceration in fetal 
life must be extremely rare. Intussusception and volvulus, with subse- 
quent atrophy of the loop, of bowel involved, have been mentioned as 
possible causes of atresia or stenosis. 


Diagnosis . — Perhaps the most constant symptom of intestinal 
obstruction of congenital origin is vomiting. It usually begins within 
twenty-four hours, but occasionally may be delayed two or three days, 
especially’^ if the obstruction is not complete. As Cameron empha- 
sized, persistent vomiting of bile-stained material in a newly born child 
should always arouse the suspicion of duodenal obstruction. Occa- 
sionally the first vomiting will be profuse and consist of amniotic fluid. 
This is pathognomonic of obstruction if present, but the absence of 
vomitus consisting of amniotic fluid cannot be used as an argument 
against obstruction. Usually the vomiting is forceful, especially in the 
later periods of obstruction. When the obstruction is high, food is 
usually vomited immediately after the feedings in contrast to the occur- 
rence of delayed vomiting in obstruction at low levels. The vomitus 
may or may not contain bile, depending on the location of the obstruc- 
tion. Unless accessory’ bile ducts are present, there can be no bile in 
the vomitus if the obstruction is proximal to the ampulla of Vater. 
When the obstruction is distal to the ampulla, the vomitus usually is 
bile-stained and contains a moderate amount of mucus. Blood is rarely 
present in either instance. 

Examination of the stools also offers a source of information in 
regard to diagnosis. An absence of bile in the meconium is pathog- 
nomonic of complete obstruction of the bowel distal to the ampulla. 
Many' cases have been reported, however, in which the stools contained 
bile in spite of the fact that operation revealed a complete obstruction 
distal to the ampulla of Vater. Since the liver begins excreting bile at 
about the fourth month, it can readily' be understood that the meconium 
could be bile-stained for at least a day or two, provided the obstruc 
tion occurred later in fetal life than the onset of biliary secretion. 
If the obstruction is complete, the normal change from greeni. 
meconium to stools containing digested milk will not occur. Constipat 
is usually present and at times is practically' absolute. Fiequent y. it 
be of A'alue to examine the meconium for the presence of bactcr . 
complete obstruction is present, there will be no bacteria in t ic 
nium. Auscultation over the abdomen may occasionally je o 
determining the site of obstruction. If the obstruction is ov, gur 


17. Cameron, H. C. ; 
1925. 


Some Forms of Vomiting in Infancy, Bnt. 


if. J. 
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sounds and borborygmus are usually heard, whereas if the obstruction 
is in the duodenum no normal sounds are apt to be encountered. 

Roentgenography is a valuable aid in diagnosis, and should be resorted 
to immediately if the diagnosis of obstruction is not certain. Fluoro- 
scopic examination after the oral administration of barium sulphate is 
lirobably of more aid than roentgenograms when the obstruction is only 
partial. The determination of gastric retention by roentgenography is 
a simple procedure and in cases of duodenal obstruction is pathogno- 
monic. However, an "open plate” of the abdomen without an opaque 
meal should be taken first. If the obstruction is at least a few feet 
beyond the duodenum, the pattern of gas outlining the enormously dis- 
tended intestines will be seen plainly. This intestinal pattern of gas is 
constantly seen in cases of complete obstruction. 

Examination of the abdomen usually reveals peristaltic waves. If 
the diagnosis is doubtful, observations for waves should be made on 
numerous occasions, especially at short intervals after feeding. Dis- 
tention is present in those instances in which the obstruction is low, but 
in cases of duodenal obstruction it may be absent. Masses are rarely 
felt unless congenital C3'stic tumors are present. Palpation usually 
reveals little tenderness or muscle spasm. After the first day or two 
emaciation, dehydration and loss of weight proceed rapidly. Tachy- 
cardia and cyanosis soon manifest themselves as evidence of the infant’s 
critical condition. 

Neff and Haden reviewed the chemical indications in the blood ivi 
cases of obstruction in the new-born infant. The}' stated that a lowering 
of the chloride content of the blood and an increase in the carbon 
dioxide-combining power occur early, even before the rise in nonprotein 
nitrogen of the blood that is diagnostic of obstruction. Alkalosis is the 
usual indication, although acetone bodies are sometimes found in the 
blood. 

The length of life and severity of symptoms depend on various 
factors. In my experience, however, the location of the obstruction 
docs not exert the influence on severity of s\'mptoms that it does in 
adults. Obviously, if the obstruction is incomplete, the diagnosis may 
be difficult. Frequentl}^ symptoms do not manifest themselves for 
weeks, months or even years. For this reason it may be difficult, on 
certain occasions, to differentiate obstruction caused by congenital mal- 
formation from that produced by hypertrophic pyloric stenosis if the 
symptoms appear during the fourth or fifth week of life. Since the 
onset of symptoms of hypertrophic pyloric stenosis occurs so regularly 
between the third and sixth week of life, it can usually be excluded 


XefT, F. C. and Haden. R. L.: 
Child. 30:82 (July) 192.=i. 
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and a diagnosis of obstruction of congenital origin be made when the 
onset occurs before the third week of life. 

Treatment . — ^Before operative intervention is resorted to, the dehy- 
dration and chemical changes in the blood must be corrected as far as 
possible. Administration of physiologic solution of sodium chloride or 
Ringer’s solution subcutaneously will serve adequately to restore the 
water deficiency, but is not entirely efficacious in correcting the changes 
in the blood that may be present. As a means of combating these 
changes, Hartmann has probably offered the best contribution in the 
form of a “combined solution” which he uses in alkalosis as well as 
acidosis because of its buffer action. The solution consists of sodium 
chloride, potassium chloride, calcium chloride and sodium lactate and 
may'^ be administered subcutaneously, intravenously or intraperitoneally. 
Conversion of the lactate into bicarbonate takes place so slowly that a 
favorable buffer action is obtained (unless severe renal damage is pres- 
ent) even in alkalosis, which is the change most frequently encountered 
in intestinal atresia. 

I operate on all infants on an improvised hot water fable; as an 
additional measure to prevent chilling and shock, I wrap the extreniitie.s 
with cotton. The operation should be started under local anesthesia 
(0.25 per cent procaine hydrochloride) and ether administered only 
when absolutely necessary to obtain relaxation or prevent shock from 
pain. Allowing the baby to suck on a holeless nipple will at times elim- 
inate restlessness during the entire operation. Before the abdomen is 
closed, it is a good practice to introduce from 150 to 200 cc. of Ringer s 
solution, physiologic solution of sodium chloride or “combined solution 
through a catheter as the last stitch is being placed in the peritoneum. 

In spite of the fact that the mortality is extremely high in cases of 
atresia of the intestine, operation should be resorted to as soon as the 
diagnosis is made and dehydration is corrected, since there can be no 
hope of recovery^ without operation. Obviously^, it is extremely impoe 
tant that the diagnosis be made as early'' as possible whether t ic 
obstruction is complete or not. Opinions vary as to the type of 
to be resorted to in atresia of the intestine. As long ago as 1 • 

before any'’ operative cures had been reported, Clogg suggested tia 
intestinal anastomosis was to be preferred to simple enterostomy as 
initial procedure. His assumption was that the infant does not to 
the exclusion of the distal intestinal segment because of the short long J 
of the intestine left for absorption. Along with Clogg, DaMS 

19. Hartmann. A. F.: Acidosis, Alkalosis and Dehydration. Colorado -Mtd. 
26:373 (Xov.) 1929. 

20. Clogg. H. S.: Intestinal Atresia, Lancet 2:1770. 1904. 
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Poynter, Richter and others, I am inclined to believe intestinal anas- 
tomosis is the procedure of choice in atresia of the small intestine unless 
the infant is too ill to endure the operation. If the infant is extremely 
ill it is probably justifiable merely to drain the bowel, but plans should 
be made to perform an anastomosis within two or three days. If the 
child dies before this time has elapsed or does not rally, he probably 
would not have tolerated a primary entero-anastomosis. However, when 
the atresia is located in the colon, a colostomy may become the procedure 
of choice, followed later by anastomosis. Further support to the advo- 
cacy of anastomosis is lent by clinical results. As far as I am able 
to determine, only three patients with atresia of the intestine have sur- 
vived. Fockens,"' Ernst and Richter each reported successful results 
in a case. Each of these surgeons had performed a primary intestinal 
anastomosis of some sort. Apparently, there have been no cures fol- 
lowing a primary enterostomy done with the intention of performing 
anastomosis later, except in cases of imperforate anus. It is somewhat 
difficult to explain this extremely high mortality. Clogg quoted several 
cases in which the patients had undergone intestinah anastomosis of a 
satisfactory nature, but all of them had died. Autopsy revealed that the 
constricted lumen of the distal portion of intestine had refused to 
allow the passage of any intestinal content. Whether this was due to 
the inadequate size of the lumen of the intestine or to the fact that 
peristalsis was abnormal or absent could not be determined. To obviate 
this complication some operators have recommended that the distal por- 
tion of intestine should be dilated with fluid at the time of operation. 
I am not convinced of the efficacy of this procedure because the dilation 
produced in this manner should not have any material influence on the 
restoration of peristalsis, nor should it be permanent, so far as I can 
determine. It must be remembered that the remarks regarding the 
appalling mortality apply only to atresia and not to partial occlusions. 

In complete obstruction, the type of anastomosis is determined by the 
type of defect found. I believe that when the atresia is found in the 
duodenum, an ordinary gastro-enterostomy is the operation of choice. 
Should the atresia be lower down in the small intestine or in the colon, 
a lateral anastomosis probably represents a much easier and safer pro- 
cedure than any other. When the obstruction is produced by peritoneal 


21. Richter, H. M.; Surger)- of the Gastro-Intestinal Tract in Children 
.■\ht: Pcciiatric.i. Philadelphia. W..B. Saunders Company, 1924, vol. 3, p. 513.’ 

22. Focken.s, T. : Over aagenboren atresia van den darm met een door operat 
senogen gcvol, Nederl. tijdschr. v. geneesk. 1:1658 (Aug.) 1911; quoted 1 
Kichter (lootnote 21). 

23. Krn^t. X. P.; A Case of Congenital Atresia of Duodenum Treated Su 
ccvMully hy Operation. Brit. M. J. 1:644, 1916. 
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bands, cutting the band usually suffices. The intestine beneath the band 
should be inspected closely, however, since a stenosis is commonly {ound 
associated with adhesive bands. Occasionally the area of stenosis is so 
short that a plastic operation of the Mikulicz type will be all that is 
necessary. This type of repair was found to be the procedure of choice 
in a case in the present series in which Dr. M. B. Clopton operated. 
The stenotic area was only 1 or 2 cm. long and was situated in the 
terminal ileum near the ileocecal valve. If the stenosis involves more 
than 2 or 3 cm. of the intestines, an entero-enterostomy must be per- 
formed, but resection of the stenosed area is not necessary. If multiple 
points of atresia are found, the condition become practically hopeless, 
but if the infant's condition permits, anastomosis should be performed 
at the various sites of atresia. 



Fig. 2. — Tj'pes of congenital malformation of the esophagus: (1) the type 
in which the proximal portion ends blindlj-, the distal portion communicating with 
the trachea; this type is found in from 80 to 90 per cent of the anomalies; (2) 
constriction without atresia, usually occurring at the distal end of the esophagus', 
(3) communication between the trachea and each segment of the esophagus ; (4) 
communication between the trachea and the proximal segment (rare), and (5) 
atresia of the esophagus without a tracheal fistula. 


ANOMALIES OF THE ESOPHAGUS 

Defects of the esophagus may be classified into five groups. A bet 
ter understanding of the various defects can be obtained from figure .. 
than from a description. Atresia is encountered more often than steno- 
sis. By far the most common anomaly is atresia with dilatation oi 
the proximal end of the esophagus (90 per cent of all atresias of 
esophagus belong in this class). Probably the next in frequency is f 
t}’pe having tracheal communication with both ends of the esophagu- 
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The remaining three types are relatively rare. Plass,--* who conducted 
a thorough anatomic study of esophageal defects, noted that the tracheal 
fistulas usually occurred only 1 or 2 cm. above the bifurcation of the 

trachea. _ 

The diagnosis of anomalies of the esophagus is usually not difficult. 

When atresia exists, the child is able to swallow only a few mouthfuls. 
As more is taken the food is regurgitated through the mouth and nose. 
Usually attacks of coughing, asphyxia and cyanosis accompany this 
regurgitation. A nasal catheter is arrested from 3 to 10 cm. beyond the 
pharynx. When a tracheo-esophageal fistula exists, as is usually the 
case, an aspiration pneumonia is practically inevitable and the child dies 
a few days after birth. I was unable to find a record of the survival 
of a single patient with atresia of the esophagus when a tracheo- 
esophageal fistula accompanied the condition. 

From the standpoint of treatment, few suggestions can be offered. 
Obviously an enterostomy of some type is a necessary procedure to 
supply the infant with food. Theoretically, a jejunostomy would be 
more advisable than a gastrostomy because food fed through a tube in 
the jejunum would be less likely to regurgitate into the tracheo- 
esophageal fistula that is present in a great percentage of cases. In the 
cases that Plass reviewed, he encountered an instance in which jejunos- 
tomy had been done, but the infant died. In view of the fact that 
gastrostomies have been universally fatal, I feel justified in advising 
jejunostomy instead of gastrostomy in these cases. Obviously subcu- 
taneous or intraperitoneal administration of fluid, as previously 
described, must be resorted to as soon as the diagnosis is made. Attempts 
have been made to ligate the fistulous connection, but no successful cases 
have been reported. Death usually inter\'enes in from four to eight 
days after birth. Pneumonia is practically always encountered at 
autopsy. 

I have an additional suggestion to offer. As far as I have been able 
to determine, every fatalit}' in esophageal atresia has been ascribed to 
pneumonia, which presumably is caused b}* the aspiration of food or 
secretions in the mouth. From a simple mechanical standpoint, if the 
child is placed in an extreme Trendelenburg position with the head low. 
aspiration of infected material into the lung should be relatively impos- 
sible regardless of whether a tracheo-esophageal fistula is present or not. 
I treated one patient tvith esophageal atresia in this manner, but unfor- 
tunately a severe bilateral pneumonia was already present before the 

child was admitted to the hospital, and death occurred in the usual 
manner. 


24. n.is.e. E. D. ; 
18:259, 1919, 


Congenital .Atresia of the Esophagus. Bull. Johns Hopkins 
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ANOMALIES OF THE BILIARY TRACT 

Congenital defects of the biliary tract are extremely variable. In a 
series of eighty-nine collected cases Milne found that the obliteration 
occurred in the common bile duct in seventy instances. In thirti'-nine 
cases, the common hepatic duct was also obliterated. In a series col- 
lected by Howard and Wolback*® the cystic and hepatic ducts were 
the most common sites. The largest series encountered in the litera- 
ture was that of Holmes who reviewed over a hundred cases. In 
the present series of four confirmed cases, all of the extrahepatic ducts 
were absent. Usually the gallbladder is also absent, but occasionally 
it ma)’^ be found as a deformed rudimentary organ. When present it 
contains mucus but rarely bile. Ciri'hosis of the liver with enlarge- 
ment is present in practically all cases of atresia of the hepatic or com- 
mon duct. On section, the organ is firm, tough and manifestly fibrosed, 
and is usually dark green. The spleen is usually enlarged to two or three 
times its normal size. 

Clinically, absence of the gallbladder is not of much importance since 
few if any symptoms will result from this defect alone. If complete 
atresia is produced by the absence of a part of the hepatic or common 
duct, a certain clinical picture is always encountered. One of the first 
demonstrable signs to be found is jaundice. This usually is noted a 
da}^ or so after birth, but occasionally may not be discovered, especially 
by the parents, for ten or twelve days. Little itching is present. The 
intensity of the jaundice may vary, but the stools are at all times free 
from bile, as is evidenced by their bulky, grayish-white appearance. 
Most of the fat ingested is excreted. In a case in the present series, 
tests ivere made to determine the amount of fat absorbed, and it was 
found that 85 per cent of the fat ingested was excreted in the stool. 
Constipation is frequently present. The urine is heavily loaded with 
bile pigments. Hemorrhage from mucous surfaces, etc., frequently 
occurs, but was not encountered in any of the six cases in this senes. 
The duration of life is extremely variable. There are several instances 
on record in which life was prolonged six or eight months, although 
the usual length of life is no more than a few weeks. 

One of the striking features in this series was the presence of 
infections, including otitis media, py'^elitis, acute bronchitis and pneu 
monia. Nearly all of the patients under observation suffered from 
many attacks of such infections; all deaths were caused by one of 
four diseases mentioned. There are several conditions that must )c 

25. IMilne. L. S.: Congenital Atresia of the Bile Passages, Quart. J. 

409, 1911-1913. . . p;,, 

26. Howard, C. P., and Wolback, S. B.: Congenital Obliteration of tnc 

Ducts, Arch. Int. Med. 8:557 (Nov.) 1911. 

27. Holmes, J. B.; Congenital Obliteration of the Bile Ducts, Am. )■ 

Child. 11:405 (June) 1916: Bull. Johns Hopkins Hosp. 18:75. 1919. 
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differentiated from congenital atresia of the bile ducts. Familial icteuis 
may be similar, but in this disease the stools contain pigment and the 
liver is not enlarged. Congenital syphilis may produce jaundice, but 
if so, other evidences of syphilis should be present. Icterus neonatorum 
may offer difficulty in the differential diagnosis, but in this instance 
the jaundice usually appears about the third day of life and disappears 
about the third week, and the stools contain bile pigment. Few, if any, 
physical signs of illness are present in icterus neonatorum. 

Holmes and Ladd stated that these anomalies are not hopeless 
from the standpoint of surgical relief. Holmes noted in the series 
reviewed by him that “in over 16 per cent of all reported cases of 
atresia of the bile ducts, both the cystic and hepatic ducts were essen- 
tially normal and communicated with each other.” In this group it 
might be expected that the correct surgical procedure (e. g., cholecysto- 
enterostomy) would offer hope of relief. Of the twenty cases of anom- 
alies (stenosis or atresia) of the bile ducts reported by Ladd, 40 per cent 
revealed an anatomic situation that theoretically was amenable to sur- 
gical intervention. Of the eleven patients operated on, two who had 
complete atresia of the common duct were relieved of their symptoms 
and were presumably cured, by cholecystogastrostomy in one instance and 
•by cholecystoduodenostomy in the other. Ladd remarked that up to the 
date of his report, these were the only instances of survival following 
operation for atresia of the common duct. In several of the cases 
reported by Ladd there was merely stenosis of the common duct. Some 
of the patients survived operation, consisting of dilation of the stenotic 
area, and were apparently cured. 

In none of the cases seen in the clinic of the St. Louis Children’s 
Hospital has operation offered any possibility of relief, since in no 
instance was an extrahepatic duct present. The shock of the operation 
is more pronounced in such cases than in normal infants, but not strik- 
ingly so except for the tendency to contract infections of various sorts. 
Of four patients, one was operated on at the age of 7 months by Dr. 
A. O. Fisher and was alive when last seen, several weeks after operation. 
No trace of the gallbladder or any of the bile ducts was found at 
operation. As stated previously, few of these patients attain an age 
much greater than 6 months. 


CONGENITAL DEFECTS OF THE DIAPHRAGM 

There can be no doubt that practically all cases of so-called 
diaphragmatic hernia in newly born infants are in reality instances of 
congenital d efects in the diaphragm. In many cases there is an absence 


• Congenital Atresia and Stenosis of the Bile 
M. A. 91:1082 (Oct. 13) 1928. 
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of one entire side of the diaphragm. It is difficult to explain why this 
defect should occur on the left side in from 85 to 90 per cent of the 
cases unless due to the many openings for various structures passing 
through the left side of the diaphragm or to the fact that the right 
side develops first. A peritoneal sac is rarely found in infants. This 
condition should probably be classified as false hernia, in contrast to true 
diaphragmatic hernia, which has a peritoneal sac. When the defect 
consists merely of an opening in the diaphragm, it may occur at almost 
any of the normal openings, practically all of which, however, are located 
on the left side. Among children born with the abdominal organs dis- 
jdaced, the mortality is high. In a series of fifty-seven cases collected by 
Funck-Brentano,-® fifty-one of the patients died within the first twenty- 
four hours. LeW aid reported several cases of complete absence of the 
diaphragm in which the patients lived to adulthood. It seems probable 
that in these instances the defect existed at birth but that the displace- 
ment of the viscera did not occur until later. 

Diagnosis . — The symptoms produced by herniation of peritoneal 
organs through the diaphragm may be extremely varied. In many 
instances the condition exists for years without symptoms and is 
discovered accidentally, usually by roentgen examination. On other 
occasions, severe symptoms are manifested at birth. Patients having 
symptoms or signs at birth or shortly thereafter practically always 
represent that group of patients who succumb to the condition early 
in life. 

When S3’mptoms and signs are manifested early after birth, they 
usually consist of dyspnea (especially of the orthopneic t3'’pe), c3'anosis 
and vomiting. Occasionally shifting the patient to a certain position 
will greatl}’’ relieve the C3'anosis and dyspnea. If the infant sunnves 
the initial attack the foregoing symptoms, especially the vomiting, are 
apt to recur at inconstant intervals throughout life. Examination of 
the chest reveals evidence of air or gas in the pleural cavity, which 
in most instances will be mistaken for a pneumothorax until a roentgeno 
gram is taken. Pulmonary’^ sounds may not be heard, but instea 
numerous gurgling and rumbling noises are encountered, especiall} after 
feeding. The heart is usually displaced to the right. Occasionally 
tically all the organs of the abdominal cavity including, in order ot 
frequenc3', the stomach, colon, omentum, spleen and small intestine arc 
found in the thoracic cavit3'. The vomiting is apparently an ey 
of partial obstruction. Constipation is frequentl3'^ present. Pain 


29. Funck-Brentano : Hernie diaphragmatique congenitale cliez 
avant vecu 65 heures. Bull. Soc. med. du dep. de la Seine 3.414. 

' 30. LeWald. L. T.: Congenital Absence of the Left Half of the Djap . 
Arch. Surg. 14:332 (Jan.) 1927. 
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be localized in the chest or epigastrium, and when present to a great 
extent probably is a manifestation of obstruction. 

Occasionally, the diagnosis can be made only by fluoroscopic exami- 
nation following the ingestion of an opaque meal. By this procedure the 
stomach can be seen to fill in a position above the diaphragm. If the 
colon is present in the thoracic cavity, a barium sulphate enema will 
likewise reveal its position above the level of the diaphragm. 

Obstruction or strangulation of a portion of the herniated intestine 
is one of the most frequent complications encountered, and in many 
instances the diagnosis is not made until this condition necessitates a 
laparotomy. Of the two cases encountered in the present series, one 
showed an empyema early in life before admission to the clinic (see 
report of cases). It was impossible to detennine from the history 
whether the empyema occurred as a complication of pneumonia or 
whether it was secondary to the presence of intestinal organs in the 
pleural cavity. 

Treatment . — If this defect is so extensive as to be in reality an 
absence of the left leaf of the diaphragm, operative intervention offers 
no hope of relief except perhaps to correct any obstruction that might 
be present. If the defect is small, closure of the opening is possible by 
surgical means. Careful roentgenologic examination can usuall}’’ deter- 
mine to a certain degree the size of the opening, regardless of how 
much bowel is present in the pleural cavity. The thoracic approach is 
preferred because of the greater ease of effecting reduction of the 
herniated mass and because of easier access to the defect in the 
diaphragm. The difficulties encountered are usually greater than antici- 
pated, regardless of the route chosen. Extreme care must be taken not 
to perforate any intestinal loops during reduction, because of the poor 
resistance of the pleural cavity to infection. This same precaution 
must be taken when the defect is approached through an abdominal 
incision. Because of the greater amount of difficulty experienced with 
reduction of the intestinal organs when the abdominal approach is used, 
greater care must be exercised to prevent tearing of the loops than when 
the thoracic approach is used. Regardless of whether the abdominal or 
thoracic incision is chosen, an attempt should be made to tie the last 
suture in the closure of the pleural cavity during inspiration so as to 
reduce the degree of pneumothorax. If desired, aspiration of air can 
be resorted to after closure. 

Hirschsprung’s disease 

The anomaly known as Hirschsprung’s disease or congenital mega- 
colon, which no doubt is dependent on a congenital malformation of 
some kind, can be classified into two types: (1) neurogenic and (2) 
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mechanical. On some occasions, as described by David, Brennemann 
and others, a definite stenotic band may be found in the anorectal 
region just above the sphincter. 

Usually, however, no obstructive lesion can be found, and the condi- 
tion is thought to be due to a defect in the neurogenic mechanism. 
Perhaps the most logical explanation, as popularized recently by Wade 
and Royle,^^ is that through overstimulation of the lumbar sympathetic 
system a peristaltic inhibition of the colon, perhaps accompanied b\- 
hypertonicity of the anorectal junction, is produced. Under such physio- 
logic conditions a progressive dilatation of the colon with obstinate 
constipation would appear to be inevitable. The defect might also be 
in the nerve endings in the muscular wall or in the ganglion cells. 
Cameron demonstrated a destruction of the ganglion in Auerbach’s 
plexus in a case of Hirschsprung’s disease, and offered this pathologic 
process as the chief etiologic factor. 

It has been said by some writers, including Goodman,^” that the 
unusual length of the descending colon in infancy is a prominent factor 
in producing obstruction by allowing the intestine to become kinked 
and doubled up on itself. Anomalies of the mesentery as a cause of the 
megacolon of Hirschsprung were emphasized by Goebel who reported 
a case with observations at autopsy illustrating the relation between 
dilatation of the colon and anomalous mesentery. 

In spite of the fact that the symptoms presented by the group caused 
presumably by neurogenic defects and the group caused by an actual 
anorectal stricture are practically the same, it hardly seems correct to 
classify the two as a part of the same disease. In a series of twelve cases 
observed in this clinic, there was no demonstrable obstruction in any 
except possibly one instance (see report of cases). 

Diagnosis . — The condition usually manifests itself within the first 
few weeks of life. Obstinate constipation and abdominal distention arc 
among the first symptoms and signs encountered. The fecal accunui 
lations or enteroliths may attain tremendous size and become ver) hard. 
Vomiting is rarely present. Many of these children will play norma } 


31. David. V. C.; Congenital Stricture of the Rectum in Children. S. Clm. 
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and maintain practically normal weight and growth. During infanc}, 
many of them will be fretful and cross, and as they become older will 
complain of severe cramping pains along with abdoririnal discomfort 
of a disturbing degree. 

In most cases examination reveals pattern formation with peristaltic 
waves of varying intensity. Seldom is there much tenderness present, 
A tympanitic note replaces the normal areas of dulness because of the 
excessive amount of gas present. The abdominal pressure may become 
so great as to produce edema of the ankles or urinary disturbances. 
Colonic irrigations and enemas ai'e usually effectual in evacuating large 
quantities of fecal matter and gas. If no enemas are given, the child 
may go for days and even weeks without a bowel movement. The 
fecal discharges are usually offensive. 

Roentgenologic examination is helpful and rarely fails to establish 
or eliminate the diagnosis definitely. As the barium suspension enters 
the rectum it can be seen to spread rapidly within the greatl}' dilated 
lumen of the I'ectum and slowly spread upward. As stated previously, 
the dilatation is most often found in the descending colon and sigmoid, 
but occasionally includes the entire colon and even the distal portion of 
the ileum. Not infrequently the dilatation will be found to occur in 
varying positions throughout the colon, creating a fusiform enlargement. 
In 1 case in the present series, this fusiform dilatation was demonstrated 
to a marked degree. 

Treatment. — It is perhaps fortunate that the greater number of these 
patients die in early infancy. Medical treatment consisting of mineral 
oil, daily irrigations and enemas and dietary measures should be tried 
before surgical intervention is considered. Cathartics are contraindi- 
cated because of the inhibitory effect produced on peristalsis after the 
primary stimulus wears off. All measures should be resorted to, 
including thorough rectal examination, in an endeavor to locate an}- 
obstruction that might be present. If the rectal sphincter is tight, 
dilation under anesthesia should be carried out. 

Dilation of the rectal sphincters was done in two cases, although no 
definite obstruction could he demonstrated in either. In one child, how- 
ever, there was a folding of the intestinal wall at a point near the recto- 
sigmoid junction which apparently produced a partial obstruction. On 
two or three occasions, when constipation and distention with gas were 
pronounced, relief was obtained by forcing the finger past this point, 
which at times felt like a stenosis. Whether there was a real redundancy 
of colon or merely a slight folding of mucosa could not be determined 
accurately. This child. Avho had not had a bowel movement for months, 
except b}- the aid of enemas, had a daily voluntary stool for several 
weeks following dilation. Four months after the dilation he was brought 
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back by the father, who stated that for two weeks enemas had again 
been necessary as a routine measure. The sphincter and rectum were 
again dilated, but sufficient time has not elapsed following the second 
dilation to determine whether a beneficial effect was again produced. 
In the second case, in an infant 6 months of age, dilation was followed 
by improvement in the evacuation of fecal material but not as efficiently 
as in the first case cited. However, in cases not showing definite stenosis 
the improvement gained by dilation could be expected to be only 
temporary. Even if further experience substantiates the moderate 
improvement obtained in these two instances, no explanation of the 
mechanism of its production can be offered. 

On the basis of their belief that the primary fault lies in the 
internal sphincter ani, Wade and Royle advised lumbar sympathectomy 
for Hirschsprung’s disease, and reported cases that showed great relief 
after this operation. This procedure seems to offer the most favorable 
solution for the treatment of patients with this disease and deserves an 
extensive trial. Removal of the lumbar sympathetic ganglions on each 
side is not a serious operation per sc, and does not involve any of the 
dangers of peritonitis that accompany the more serious operation of 
colonic resection. Scott and Morton®^ recently reported a case that 
gave practically a perfect result: Before operation a boy, aged 7, had 
never had a spontaneous bowel moA'ement, whereas after operation his 
bowels moved daily without enemas. In 1928, Judd and AdsoiH® 
reported two cases in which they operated with favorable results. The 
technic of the operation is well illustrated in their report. 

Resection of the dilated portion of colon yields varying results. 
Obviously an operation as radical as resection should be resorted to 
only when the pain, distention, disability, etc., are severe and fail to 
respond to medical treatment and lumbar S 3 'mpathectomy. On account 
of the fecal stasis, any type of resection should be done in two stages, 
the first operation being limited to either colostomy or anastomosis. 
In many instances dilatation will occur in the intestine, proximal to the 
site of resection, with a return of syunptoms and signs simulating those 
existing before resection. 

IMPERFORATE AKUS 

The formation of imperforate anus is readily explained by the fact 
that the rectum and anus develop separately, the former being o 
entodermal and mesodermal, and the latter of ectodermal, origin. 'I ^ 

37. Scott. W. :M., and Morton. J. M.: Sympathetic Inhibition of the I-arpc 
Intestine in Hirschsprung's Disease. J. Clin. Investigation 9:13, 1930. 

38. Judd, E. S.. and Adson. A. W. : Lumbar Sympathetic Ganglioncctomy 
Ramisectomy for Congenital Idiopathic Dilatation of the Colon, .Ann. 

479, 1928. 
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depression at the anal site (proctodeum) which normally develops dur- 
ing the first few months of embryonic life is lined by ectoderm and 
extends inward to meet the blind end of the entodermal tube, with 
which it normally connects. Numerous variations of deformities are 
caused by their failure to fuse (fig. 3). Imperf oration occurs once in 
every 8,000 or 10,000 births. One case was encountered in 6,300 
births in the maternity wards of Barnes Hospital during a period of 
twelve years. Over a similar period of years, however, sixteen patients 
with this condition were admitted to the St. Louis Children’s Hospital. 
The anomaly is equally common in male and in female infants. 



Fig. 3. — Types of imperforate anus and the location of the various fistulous 
tracts -formed; (1) absence of anus (proctodeum); (2) fibrous cord attaching 
rectal pouch and proctodeum; (3) perineal fistula; (4) urethral fistula; (5) 
rectovaginal fistula, and (6) rectovesical fistula. 

The condition is not difficult to recognize clinically, especially if the 
anal dimple has failed to form. Usually this dimple is not present. For 
the first twenty-four hours there may be no symptoms. After the second 
da^-dister tion manifests itself and gradually becomes more marked. 

X ^The child Jisually becomes restless after the appearance of distention and 
occasionally vomits or regurgitates. Muscle spasm over the abdomen 
Js not prominent, although the distention may become so marked as 
to simulate this phenomenon. The appetite for food usually decreases 
after the first day until after several days severe dehydration and mal- 
nutrition develop. Death is apt to ensue after a week or ten days 
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unless the condition is corrected surgically or a fistulous tract ionns. 
It is surprising to learn that the small fistulous tracts frequently seen 
may be compatible with life and good nutrition. 

Treatment . — Operative intervention is obviously the procedure of 
choice. Except in a few instances, as in the presence of a rectovaginal 
fistula, operation should be performed as soon as the condition is 
recognized. In most instances all that is necessary is incision of the 
skin over tlie sphincter and puncture of the distended rectal pouch which 
usually presents into the wound. This may be done under local anes- 
thesia, but ether is preferable because of the advisability of dissection 
of the rectal wall over a distance great enough to allow approximation 
with the skin. Obviously, if sphincteric control is to be hoped for. 
incision must be made within the circumference of the sphincter ani 
muscle. This muscle is practical^ always present, and effort should 
be made to find it. Frequently it is so difficult to find the rectal wall 
and suture it to the skin through the small opening allowed by the 
sphincter that it is not worth while to attempt this approximation. 
Unless the approximation is made without tension, the suture will tear 
through the rectal wall and allow it to retract back to its original position. 

Occasionally the rectal pouch ends blindly so high in the pelvis that 
it cannot be reached through the perineal route as described. After 
dissection upward for a distance of -2 or 3 cm. has proved futile, it is 
safer to discontinue the perineal approach and perform a left inguinal 
colostomt^ At the time of performing the colostomy the rectal pouch 
should be' sought. It is usually so widely dilated that if situated high 
in the pelvis, it can be pushed downward into the floor of the pelvis 
and be attached there by sutures. This technic allows one to puncture 
through the sphincter at a later date without much danger of injur\' to 
adjacent organs. This procedure was carried out successfully in a ca.se 
at the St. Louis City Hospital. 

Wangensteen and Rice suggested a simple method for deterinining 
the method of approach, perineal or abdominal, in operations for 
imperforate anus. The}^ take a roentgenogram of the abdomen with the 
child held head downward, to determine the position of the rectal gas. 
Inversion of the infant with head down allows the gas to seek the posi 
tion nearest the sphincter ani muscle. The distance intervening between 
the gas and anal dimple determines what procedure to adopt. If the ga. 
shadorv is close to the skin the perineal route is indicated. 

When a fistulous tract to the exterior surface is present, operatne 
correction of the deformities may be postponed for some time, depen 
ing on the size of the sinus tract. If a rectovesical fistula is present. 

39. Wangensteen, D. H., and Rice, C. D. : Imperforate .\mis : R Methol 
Determining the Surgical Approach. Ann. Surg. 92:77, 1930. 
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an attempt should be made to divert the fecal stream from the bladder 
as soon as possible, on account of the possibility of renal infection. The 
presence of the fistula in the perineal region probably 'indicates the type 
most readily cured. At the time that the opening is made in the rectal 
pouch through the sphincter ani muscle, the perineal fistula should Ije 
closed. Closure of the fistula by a deep stay suture threaded over a 
button on each side of the fistula, at least 2 cm. from the opening of 
the fistula, is perhaps to be preferred to the method of closure by purse- 
string sutures or a similar method on account of the tendency for the 
sutures to cut through the tissues. If it becomes necessary to perform 
a colostomy, nearly any type of small fistula will close spontaneously. 
It is much more difficult to obtain closure of these fistulas after the 
normal opening through the sphincter ani muscle is established, on 
account of the small size of the opening. It may be necessary to resort 
to more than one attempt at closure of the large fistulas that are fre- 
quently seen opening into the vagina, but several attempts should be 
made before one admits failure. Mobilization of the rectum by an 
incision over the sacral region has been advised on numerous occasions, 
but is a radical procedure and no doubt carries a high mortality with 
the operation. The result is apt to be satisfactory, however, if the 
infant survives, because of the ability to get the rectal wall down 
through the sphincter. 

The results of operations for correction of imperforate anus are 
somewhat discouraging. The mortality from operation is quoted at 25 
per cent. Of the sixteen patients admitted to the St. Louis Children’s 
Hospital, all of whom were operated on there or elsewhere, three died ; 
this constitutes a mortality of about 18 per cent. Formation of stricture 
at the site of the newly created anus is frequently encountered. Another 
complication to be feared is fecal incontinence, which occurs on numer- 
ous occasions. 

REPORT OF CASES 

Malformation of Intestine . — ^Twelve cases of malformation of the 
duodenum were encountered, all of which presented obstructive symp- 
toms. Four of these consisted of a stenosis of the loop, usually in the 
second part, and in children whose ages varied between 1 Yz and 8 weeks. 
Gastro-enterostomy was performed on all patients, three of whom sur- 
vived and were free from symptoms when discharged. One died twenty- 
four hours after operation. The youngest of the three infants that sur- 
vived u’as lYz weeks of age. The obstruction in this instance may have 
been complete, but it scarcely seems probable that the infant would 
have lived that long in the presence of complete obstruction without 
more deliydration. etc. The obstruction in the other two infants with 
stenosis that survived was no doubt only partial, since one was 6 weeks 
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and tlie other 8 weeks of age at the time of operation. In four cases there 
was obstruction due to fibrous bands, all of which were located in the 
terminal portion at the ligament of Treitz. The ages of these patients 
were 7 years, 3 weeks, 3 days and 4 days, respectively. Laparotomy 
was performed and the bands were cut, but all died. The obstruction 
was apparentl}^ complete in the latter two cases. One of these was rather 
remarkable, because the band accompanied the superior mesenteric 
artery. The band was severed, but the artery was so short that obstruc- 

Congcmta] MaJformaiwns of the hitcstiiie and Bile Ducts m Etghfy-Oiic Cases 


yo. of Patients Vn. 


I \ 

* Mate Female 

Malformation of the esophagus.. 1 3 

Malformation of the pylorus 1 

Malformation of the duodenum,, ."i 7 


Malformation of the jejunum.. . , 1 

Malformation of the ileum C 3 

Malformation of the colon 1 1 

Meckel's diverticulum o 

Anomaly of the hile ducts 5 1 

Imperforate anus S S 


Transposition of the viscera G 3 

Hirschsprung’s disease 11 1 


Absence of the diaphragm 2 

Eventration of the diaphragm 2 

51 SO 


of In- 

Anomaly stances 

Stenosis only 1 

Atresia vith tracheal fistula 2 

Atresia tvithout tracheal fistula 3 

Incomplete rotation 3 

Obstruction by adhesive bands t 

Stenosis t 

Atresia trith blind loop 1 

Complete atresia at lower ileum t 

(1 multiple) 

.A.dhesivc band in ileocecal region t 


Obstruction by /mperfornfe diaphragm... 3 

Hole in transverse colon (congenital 

origin) 1 

Absence of mesentery 1 

Stenosis of ileum l 

Huge cystic mass i 

Perforation with peritonitis i 

Found at autopsy; no symptoms - 


Fentates (S); 
Kectovaginal fistula, 

Perineal fistula 

Males (S); 

Keetoresical fistula.. 

Perineal fistula 

Eo fistula 


tioii was obviously still present. Hotvever, it was possible to stretch 
the artery without difficulty, to a degree that eliminated all obstruction. 
Robinson.^® Slocumb and others have emphasized the production ot 
gastric dilatation, especially after operations, by pressure of t ic 

40. Robinson, B.: Dilatation of the Stomach from Pressure of the Superior 
^lesenteric .‘\rtery, Vein and Nerve on the Transverse Segment of the Duotein 
Cincinnati Lancet Clin. 45:577, 1900; quoted by Slocumb (footnote 41). 

41. Slocumb, L. H.: Compression of the Duodenum by _ the Mc-sentcry 
Superior Mesenteric Vessels : An Underlying Cause of Gastric Dilatation, ^ 
Gynec, & Obst. 44:359, 1927. 
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mesenteric vessels on the duodenum. The obstruction in three of the 
twelve cases was caused by incomplete rotation of the intestine with only 
partial obstruction. In one case the duodenum was anterior to the colon ;■ 
in another the duodenum had a long mesentery that passed downward 
instead of to the left. In the third case a volvulus of congenital origin 
was found. Nothing surgical could be done in either of these cases. 
The first patient died, but the other two lived. In the entire group of 
duodenal anomalies there was only one case (in a patient aged 2 days 
when seen) of complete atresia with a blind loop. A duodenojejunostomy 
was performed, but the child died two days later. It is remarkable 
that all of the patients with a definitely complete obstruction died within 
a short time after operation. Shock appeared to be the primary cause 
of death. 

In one instance a stenosis of the pylorus with incomplete obstruction 
was encountered in an infant, 4 weeks of age. The stenosed area rvas 
short and was repaired b)f the Mikulicz technic. The child sur\’ived 
the operation and was well at the time of discharge. 

Only on one occasion was the jejunum the site of malformation in 
the present series. This infant had a complete atresia a few centimeters 
beyond the ligament of Treitz. An end-to-side anastomosis was per- 
formed under local anesthesia, but the child died twenty-four hours after 
operation. 

Of the nine patients with obstruction of the ileum, four had complete 
atresia. The length of the defect caused by the atresia varied between 
2 and 10 cm. In one of these cases the atresia was multiple, occurring in 
several places in the distal half of the ileum. The age of these infants 
on the day of admission and operation varied from 2 to 4 daj^s. Intes- 
tinal anastomosis was performed on two of them and ileostomy on the 
other two. All died within twenty-four hours after operation. On four 
occasions obstruction was found to be caused by fibrous bands con- 
stricting the ileum a few centimeters from its junction with the cecum. 
In an infant, aged 3 days, this fibrous band communicated with a cyst 
several centimeters in diameter, containing clear straw-colored fluid : 
this \vas considered a cystic dilatation of a remnant of the vitelline 
duct. The infant survived the operation, but died three weeks later 
following a second operation for intestinal obstruction of acquired 
etiolog}^ The other three infants in this group were from 1)4 to 4 weeks 
of age. but had had symptoms for three or four dat'S. In one infant it 
found that after the constricting bands were severed, the constric- 
tion was so prominent as to require surgical correction. A repair of 
the Heineke-Mikulicz type was performed. The infant lived and was 
discharged well. The ninth case in this series of lesions of the ileum 
constituted the only one in which an obstruction was caused bv a 
diaphragm. This diaphragm was located in the terminal ileum a few 
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centimeters from the ileocecal junction. The colon, however, was no 
larger than a lead pencil and barely admitted a probe at autopsy the day 
■following operation. 

Meckel’s diverticula were observed in only five infants and in two 
instances the defect was not discovered until after death, which was 
caused by diseases not related to the anomaly. In an infant, 13 days 
of age, with symptoms of partial obstruction for six days, the 
diverticulum caused a stenosis of the ileum at its point of attachment. 
An ileostomy was performed, but the infant died on the fifth post- 
operative day. On another occasion, there were no s 3 miptoms, but a 
large firm cystic mass had been present since birth eight weeks 
previously. Owing to deep attachments, the cyst was marsupialized, but 
the child died two da 3 ’s later, presumably^ of peritonitis. In the fifth 
case a child, 2^4 ymars of age, had abdominal pain and vomiting for 
twenty-four hours. Laparotomy'^ revealed peritonitis caused by perfora- 
tion of the base of a Meckel’s diverticulum which was attached to the 
ileum near the midportion. The child died of peritonitis and broncho- 
pneumonia five day'^s after operation. 

Lesions of congenital origin were encountered in the colon in only 
two instances, except for the c^ise previously mentioned, in which a 
diaphragm in the lumen of the terminal ileum was found with a 
generalized stenosis of the entire colon. In one of these cases, in an 
infant 2 days of age at the time of death, a large defect 2 or 3 cm. 
in diameter was found at autopsy^ in the transverse colon, through 
which considerable meconium had escaped into the peritoneal cavity. 
Because of such obscure and indefinite symptoms, including lack of 
vomiting, this infant was not operated on. Another infant, 2 days of 
age, with abdominal symptoms since birth, was operated on and found 
to have gangrene of 3 inches (7.6 cm.) of the transverse colon, caused 
by^ lack of attachment of the mesentery' at this point. The gangrenous 
portion was resected and an anastomosis performed, but the child died 
two days after operation. 

Malforniutions of t]ie Esophagus . — This condition was encountered 
in four infants in the present series. On one occasion the obstruction was 
not complete, consisting merely' of a stenosis in the terminal end of the 
esophagus. This child was 3 years of age when last seen and was able 
to swallow' soft foods if dilation W'as performed at frequent internals. 
Another infant, 5 months of age, had had a gastrostomy' performed else 
where on the fourth day' of life because of an atresia ^opposite t le 
fifth dorsal vertebra. The two remaining patients, aged 5 and 6 ay-, 
respectively, had regurgitated all food since birth and had practica y 
all the symptoms of atresia of the esophagus w'ith a tracheo-esop la^ea 
fistula. Each Avas cy'anotic and had frank bilateral pneumonia w le 
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admitted. Although there was little hope for them on account of their 
moribund condition, a gastrostomy was performed on each. Death 
ensued from twenty-four to forty-eight hours after operation. As 
mentioned previously, a jej unostomy is probably preferable to gas- 
trostomy because of possible regurgitation. The anomaly in each of 
these cases was similar to type 1 in figure 2. 

Anomalies of the Biliary Passages . — Of the six cases of this condition 
occurring in this series two were not confirmed by operation or autopsy, 
but the history of jaundice and white stools since birth makes the diag- 
nosis of congenital malformation of the bile ducts most probable. One 
infant was 10 weeks of age and in fairly good physical condition at the 
time of discharge, except for enlargement of the liver and the spleen. 
The other one, 10 months of age, was moribund at the time of dis- 
charge. Operative or postmortem confirmation was obtained in four 
patients whose ages varied between 3 weeks and 7 months. In none of 
the four cases were remnants of any of the extrahepatic bile ducts found. 
On one occasion a rudimentary abnormal gallbladder without a cystic 
duct attached was found. All showed large greenish livers with varying 
degrees of cirrhosis. In three of the four patients the spleen was enlarged 
to two or three times its normal size. One of the infants, aged 7 months, 
who was operated on, was alive when last seen four weeks after 
operation. The other two died a few weeks after operation. In none of 
the patients on whom operation was performed was it possible to 
carry out any surgical procedure that would offer relief. 

Hirschsprung’s Disease . — There were twelve cases of megacolon in 
the present series, but in two of these the diagnosis was questionable. 
The ages varied between 5 weeks and 12 years, with an average of 3.8 
years. It is significant that all the patients except one were males. The 
fact that the age of each of the four patients who died was less than 1 
year supports the statement made by different authorities that if the child 
suffering from Hirschsprung’s disease survives the first year of life, 
he is apt to live for many years. In all except three cases, symptoms had 
been present since birth. Organic obstruction was not found in any of 
the cases. Dilation of the rectum and sphincter was performed in 
two cases even though a definite obstruction or stenosis could not be 
demonstrated. Moderate improvement followed the dilation, especially 
in one case. 

Congenital Defects in the Diaphragm . — In the two cases observed in 
this series the defect in the diaphragm occurred on the left side, as is 
usually the case, and measured 2 by 3 cm. in one instance and 2 by 7 cm 
m the other. One of the patients had undergone a thoracostomy for 
empyema before entry to the St. Louis Children’s Hospital, and had 
apparently completely recovered. Both of these patients were so acutely 
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ill on admission to the hospital that consideration of any surgical pro- 
cedure was out of the question. They died shortly after admission. 
Autopsy on one patient, 6 years of age, revealed a herniation of the 
colon and stomach through a defect 2 by 3 cm. in size on the left side 
of the diaphragm, with strangulation of both organs and early gangrene 
of the stomach. Postmortem examination of the other infant, aged 

1 year, revealed the fact that practically all the abdominal organs except 
the liver, duodenum and sigmoid had passed through a defect in the 
diaphragm, about 2 by 7 cm. in size, into the thoracic cavity. The 
embarrassment of the heart by pressure of these organs contributed to 
the child’s death, since obstruction was apparently not a prominent 
factor in this instance. 

Eventration of the Diaphragm . — Two cases of eventration, with high 
displacement of the diaphragm on the left side, were observed in the 
present series and were reported by Clopton in detail. One child, 

2 years of age, had been operated on previously for empyema, but 
returned for treatment for an abscess of the wall of the chest. The 
empyema had been preceded by the development of influenza and 
bronchopneumonia a few days before. * When first seen, the condition 
was regarded as a hernia through a defect in the diaphragm. It was 
not until after a careful study of a series of roentgenograms, inclviding 
those taken before the thoracostomy for empyema, that the condition 
was found to be an eventration and not a defect of the diaphragm. The 
child improved slowly and was discharged well. In the second case of 
eventration, a child, 6 years of age, was admitted to the hospital because 
of malnutrition. On examination, the heart was found on the right 
side, and a tympanitic percussion note was found to extend up on the 
chest as far as the third rib on the left side. The liver was displaced 
downward on the right side as far as the crest of the ileum. The 
child improved satisfactorily while in the hospital and was symptom- 
less at the time of discharge. 

Transposition of the Viscera . — ^This anomaly may be limited to 
thoracic organs, but in eight of the nine cases observed in which transpo- 
sition of any organs was detected, there was transposition of the abdom 
inal viscera. In four of the nine cases roentgen examination shoue 
transposition of the heart, liver, stomach, cecum and sigmoid. In four 
other cases the roentgen shadows of the heart and liver were in re\er>e^ 
position. The position of the organs of the intestinal tract in t u- 
group is not definitely known, since roentgen examination of the gastro 
intestinal tract was not carried out. In all probabilit}', hov e\ er, t e 
position of the intestinal viscera was also reversed. In one o t ic 
nine cases the heart was transposed to the right side, but t le on , 

42. Clopton, I^I. B.; Eventration of the Diaphragm, Ann. Surg. 23:la4, 192.^- 
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change in the position of the abdominal organs was a slight displace- 
ment. The chief complaints of practically all the patients in this series 
of nine cases were weakness, anorexia and lack of energy since birth. 
All were malnourished. In addition to the foregoing symptoms and 
signs, there had been cyanosis since birth in two cases. The ages of 
the patients in this group varied between 1 month and 6 years, aver- 
aging 4 years. One died in the hospital with pertussis and pneumonia. 
Another infant, aged years, died as a result of cardiac decompensa- 
tion. All viscera were transposed and the spleen was absent. 

Imperforate Anus . — Of the sixteen patients with imperforate anus 
admitted to the hospital, eight were males and eight females. The ages 
varied from 1 day to 11 years, with the average about 1.3 years. Of the 
eight girls, six had a rectovaginal fistula, and two a perineal fistula. Of 
the eight boys, one had a vesical fistula, two a perineal fistula and five no 
fistula. Four of this group of five patients were very young and had had 
an opening made at the site of the anus within a day or two after birth ; 
the fifth child was 11 years of age and had undergone the primary 
operation at the age of 4 days, and two operations a few years before 
the present admission for correction of a stricture. At the time of 
admission he had partial fecal incontinence. It has been impossible to 
conduct observations for a great length of time on any of the patients 
except in the instance mentioned. However, the results in the patients 
who were observed at intervals were, on the whole, discouraging. There 
was a strong tendency toward the formation of a stricture of the anus 
after the simple procedure of making an opening through the anal 
dimple. This tendency was even more pronounced when a fistula was 
present before the opening was made through the sphincteric muscle. 
Colostomy had not been a necessary procedure on any of these patients 
previous to admission, and on only one occasion, when the distance 
between the rectal pouch and the proctodeum was too great, was colos- 
tomy performed in the St. Louis Children’s Hospital. This child, 
1 day of age, died the next day. In this series of ten cases there were 
two other deaths, each following an operation, one of which was per- 
formed elsewhere. In this case a severe secondary hemorrhage followed 
the operation, before the patient’s admission to the Children’s Hospital. 
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XI. A STUDY OF THE ALTERATIONS IN THE VOLUME OF BLOOD 
AND IN THE WATER CONTENT OF BLOOD AND OF MUSCLE 
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The possibility that histamine is the cause of “shock” after trauma 
has been extensively speculated on in recent years. Keith ^ and others 
have found that severe injuries are followed by a diminution of the 
volume of blood. Harris and one of us (Dr. Blalock)- found that trauma 
to the muscles and to the intestines and burns are associated with a 
decrease in the water in the blood and in the muscles other than those 
at the sites of the injuries. The study indicated that the loss of fluid 
from the blood stream into and from the traumatized areas was respon- 
sible for the concentration of the blood. It is known that histamine 
causes an increase in the concentration of the blood. Since histanline 
causes a general dilatation of capillaries and possibly an increase in 
their permeability, it was believed that histamine would probably cause 
a general loss of fluid from the blood stream instead of a local loss 
into the traumatized area as w'as found after trauma, and that an 
increase in the water content of all of the muscles of the body would 
be found. It was for the purpose of determining this point that these 
studies were begun. 

The studies included determinations of the volume of blood and 
of plasma, the red blood cell count, the hemoglobin, the cliloride con- 
tent and the water content of the blood and muscles. 

METHOD 

All of the experiments were performed on dogs. Most of these vere ancs^ 
thetized by sodium barbital administered intravenously fO.3 Gm. per kilograrn or 
body weight). The same anesthetic in identical amounts had been employer 

* Submitted for publication, Jan. 27, 1931. _ _ , 
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the previous experiments by Harris and Blalock - on the effects of trauma. In 
the remaining experiments, morphine sulphate was used as the anesthestic. The 
arterial blood pressure was determined by placing in the carotid artery a cannula 
connected to a mercury manometer. 

The dye method for determining the volume of the plasma and the blood that 
was introduced by Keith, Rowntree and Geraghty s was employed as described by 
Rowntree, Brown and Roth^ in their recent book. The hemoglobin was deter- 
mined by the Newcomer method s with a Bausch and Lomb hemoglobinometer. 
The chlorides were determined by the method of Whitehorn.® 

The water content of blood and muscle was determined on samples obtained 
before histamine was injected into the subcutaneous tissues and after the blood 
pressure had been maintained at a low level for at least several hours by repeated 
injections. The blood was .withdrawn from the femoral vein. Tissue was obtained 
from the pectoral muscle and one of the flexor muscles of the thigh at the begin- 
ning of the experiments and from symmetrical sites on the opposite side of the 
body at the end of the experiments. The muscle usually varied in weight from 
1 to 2 Gm. The specimens were placed in small beakers of known weight, and 
the muscle was cut into small pieces in order to facilitate drying. After the 
beaker containing the blood or muscle was weighed, it was placed for forty-eight 
hours in an oven, the temperature of which was kept at as nearly 105 C. as 
possible. At the end of this time, it was again weighed, and the content of the 
tissues in water and solids was determined. 

For purposes of comparison, the effects of the removal of whole blood and of 
blood plasma were studied. These experiments were of approximately the same 
duration as those in which histamine was injected. Harris and one of us (A. B.)® 
had previously determined the effects of hemorrhage and of the removal of plasma 
on the water content of blood and muscle. In the present experiments, the volume 
of blood and of plasma, the red blood cell count, the hemoglobin and the chloride 
content were determined before and after a low blood pressure had been produced 
by the removal of whole blood or of plasma. In the experiments in which the 
effects of hemorrhage were studied, whole blood equaling 1 per cent of the body 
weight was removed at one hour intervals until a low blood pressure resulted. In 
the experiments in which the effects of the removal of blood plasma were studied, 
whole blood equaling 1 per cent of the body weight was removed at one hour 
intervals, the blood was defibrinated and centrifugated, and the red blood cells 
plus enough plasma to equal one half of the volume of blood which had been 
removed were reintroduced. 

RESULTS 

In the four experiments in which the effect of the subcutaneous 
injection of histamine on the volume of blood was studied, a reduction 
in volume was found. This was associated vvith an increase in the 
red blood cells and hemoglobin and either no change or a slight reduc- 

3. Keith, N. M.; Rowntree, L. G., and Geraghty, J. T. : A klethod for the 
Determination of Plasma and Blood Volume, Arch. Int. Med. 16:547 (Oct.) 1915, 

4. Rowntree; Brown, and Roth; The Volume of the Blood and Plasma, Mayo 
Clinic Monographs, Philadelphia, W. B. Saunders Compan}-, 1929. 

5. Neiycomer, H. S.; J. Biol. Chem. 37:465, 1919. 

1970 *^’ J- C. : A System of Blood Analysis, J. Biol. Chem. 45:449, 
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tion in the chloride content. The reduction in the volume of blood 
consisted, in the main, of a diminution in the volume of plasma. The 
results of these experiments are given in table 1. 

Whole blood which equaled 1 per cent of the body weight was 
removed at one hour intervals in three experiments until a low blood 
pressure resulted. The reduction in the volume of blood was associated 

Table 1. — The Effects of Histamine 




Total 


jilean 





Blood 

Ex- 

weight Amount' 

Blood 

Hemo- 

Red 

Volume 

Volume 

Chloride 

of 

of Hista 

Time of Pressure, globin. 

Blood 

of 

of 

Content, 

peri- 

Bog, 

mine, 

Determi- 

Mm. of 

per 

Cell 

Plasma, 

Blood, 

Mg. per 

ment 

Kg. 

Mg. 

nations 

Hg 

Cent 

Count 

Cc. 

Cc. 

100 Cc. 

1 

11.31 

70 

Control period... 

120 

110 

9,040,000 

568 

1,159 

.325 




4 hours after ini- 

- 







tial histamine... . 

5S 

IIS 

10,400,000 

472 

1,000 

5.11 

0 

1C.43 

33 

Control period... 
V£ hrs. after ini- 

112 

103 

8,020,000 

1,058 

2,074 

54S 




tial histamine.... 

26 

115 

9,900,000 

664 

1,580 

533 

.■J 

0.51 

43 

Control period... 
sy. hrs. after ini- 

140 

90 

8,940,000 

472 

SSI 

543 




tial histamine.... 

56 

102 

10,200,000 

345 

6S3 

493 

4 

10.73 

128 

Control period... 
3% hrs. after ini- 

130 

S7 

8,200,000 

442 

797 

540 




tial histamine.... 

6S 

100 

9,820,000 

SSI 

C9I 

472 


Table 2. — The Effects of the Removal of Whole Blood at One Hour Intervals 


Mean 

Weight Blood Hemo- 


Ex- 

Time of 

of 

Pressure, globin. 

peri- 

Deternii- 

Dog, 

Mm. of 

per 

ment 

nations 

Kg. 

Hg 

Cent 

1 

Control period... 
41^ hrs. after ini- 

20.4 

110 

S5 


tial bleeding 

3S.93 

60 

75 

2 

Control period... 
sy. hrs. after ini- 

18.85 

115 

so 


tial bleeding 

17.9 

70 

72 

3 

Control period... 
4V> hrs. after ini- 

16.6 

120 

92 


tial bleeding 

15.5 

oS 

So 


Red 

Blood 

Cell 

Count 

Plasma 

Volume, 

Cc. 

Blood 

Volume, 

Cc. 

Blood Total 
Chloride Amotmt 
Con- Bled In 
tent, per Cent 
Mg. per of Body 
100 Cc. Wciglit 

7,950,000 

1,092 

1,796 

SOS 


6,020,000 

654 

1,011 

533 

5 

0,850,000 

981 

1,721 

503 


6,270,000 

637 

1,069 

321 

4 

7,810,000 

831 

1,602 

4S7 


6,310,000 

535 

940 

520 

5 


with a greater proportional diminution in the volume of red bioo 
cells than of plasma. The red blood cells diminished, the percentaj,e 
of hemoglobin decreased, and the chloride content increased slight >• 
The results of these experiments are given in table 2. 

Blood plasma which equaled 0.5 per cent of the bod\ weight 
removed at one hour intervals in five experiments until the blood pre 
sure definitely declined. The level of the mean blood pressure * 
not as lo\v in these experiments as in the others, since 
bleeding sufficient to allow the removal of the usual amount o p 
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would have resulted in the death of the animal. The diminution in Ure 
volume of blood was accounted for almost entirely by the reduction 
in the volume of plasma. The red blood cell count increased, the 
percentage of hemoglobin increased and the chloride content usually 
decreased slightly. The results of these experiments are given in 
table 3. 

The effects of the subcutaneous injection of histamine on the water 
content of blood and muscle was determined in experiments on nine 
dogs. Six of these were anesthetized by morphine and the remaining 
three by barbital. The results were the same with the two types of 
anesthetics. The time that elapsed between the initial injection of his- 

Tablf. 3.-— The Effects of the Removal of Blooff Plasiita at One Hour Intervals 


• Blood Total 

Mean Chloride Amount 


K.v 

Time of 

Weight 

of 

Blood 

Pressure, 

Hemo- 

globin, 

Red 

Blood 

Plasma 

Blood 

Con- Removed 
tent, in per Cent 

perl- 

Detcrmi- 

Dog-, 

3Im. of 

per 

Cell 

Volume, Volume, 

Mg. per 

of Boay 

merit 

nations 

Kg. 

Hg 

Cent 

Count 

Cc. 

Cc. 

100 Cc. 

M eight 

1 

Control period.. 

I3.G 

113 

90 

7,800,000 

703 

1,143 

545 



5% iirs. after ini 
tial removal 

13.0 

100 

110 

9,000,000 

4.30 

871 

493 

3.0 

9 

Control period.. 

U.8S 

113 

S3 

0,900,000 

.384 

942 

509 



5 hrs. after ini 
tial removal.... 

11.32 

100 

100 

9,660,000 

0-47 

004 

548 

2.73 

u 

Control period.. 

19.4 

123 

95 

7,140,000 

1,030 

1,600 

512 



5 hrs. after ini 
tial removal. . . . 

18.9 

96 

108 

8,710,000 

579 

1,170 

490 

2.73 

4 

Control period.. 

10.57 

1.30 

100 

8,070,000 

793 

1,474 

483 



5% hrs. after in 
tial removal.... 

13.72 

90 

US 

10,020,000 

4S3 

3,181 

446 

3.0 


Control period.. 

7.07 

9S 

ST 

9,270,000 

319 

632 

515 



4% hrs. after in 
tial removal 

7.00 

60 

90 


202 

440 

32S 

2,23 


tamine and the completion of the experiment varied from four hours 
and fifteen minutes to seven hours and twenty minutes. The mean 
blood pressure at the time the second samples were obtained varied 
from 14 to 52 mm. of mercury. The total amount of histamine that 
was injected in the different experiments varied from 15 to SO mg. 
The water in the blood was decreased. The average control rvater 
content of the blood in the nine experiments was 80.79 per cent, and 
the average content at the completion of the experiments was 77.31 
per cent. In seventeen of the eighteen analyses, the water content 
of the muscle was lower at the end than at the beginning of the 
experiments. The average content in water of the pectoral muscle 
was 75.53 per cent at the beginning of the experiments and 74.22 per 
cent at the end. For the thigh muscle, the average water content at 
the beginning of the experiments was 75.31 per cent and at the end. 
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73.84 per cent. The alterations produced were practically identical 
with those found by Harris and Blalock = in studying the effects of 
the removal of blood plasma and the effects of intestinal trauma, 
trauma to the legs and burns. However, the latter experiments pre- 
sented the additional fact that injury causes an increase in the Avater 
content of the traumatized tissues. The results of the experiments 
on histamine are given in table 4. 

Table 4. — The Effects of the Snbcfitaiieoiis Injection of Histainhic on the IValcr 

Content of Blood and Muscle 


Wnter AA'dter Total 
Mean Water Content Content Amount 






Blood Content 

Of 

of Plexor 

of 

Type 

Ex- 



AA'eight Pressure, of 

Pectoral Muscle of Hista- 

of 

peri- 

Time of 


of Dog, 

Mm. of Blood, 

Muscle, 

Thigh, 

mine, 

Anes- 

ment 

Observation 

Kg. 

Hg per Cent 

per Cent 

per Cent 

Mg. 

thetic 

1 

Control period.. 



128 81.85 

72.55 

73.8 

80 

Morpliine 


7A4 hours after 
histamine 

initial 


44 72.80 

70.C5 

72.6 



2 

Control period. 
6% hours after 

initial 


10.5 82.0 

76.85 

75.0 

43 

Jlorpliinc 


histamine 



30 78.4 

73.20 

72.2 



3 

Control period. 
ZVi hours alter 

initial 



117 78.63 

73.21 

72.45 

13 

Morpliine 


histamine 



•52 74.95 

73.10 

74.60 



4 

Control period. 



118 81.02 

75.78 

76.48 

70 

.Alorpliinc 


7% hours after 
histamine 

initial 


40 80.03 

74.33 

73.80 



5 

Control period. 
4% hours alter 

initial 


128 77.30 

73.91 

74.75 

70 

Morphine 


histamine 



35 73.80 

73.60 

7S.GS 



G 

Control period. 



120 77.61 

74.00 

74.12 

40 

Jlorpiilno 


7 hours after 
histamine 

initial 


34 74.82 

72.90 

72.33 



7 

Control period. 


12.92 

134 82.38 

78.87 

70.Sj 

40 

Barbital 


7% hours after 
histamine 

initial 

12.77 

40 78.00 

77.65 

75.95 



s 

Control period. 
7 hours after 

initial 

11. OJ 

104 _ 83.15 

76.8 

75.GS 

72.62 

23 

Barbital 


histamine 


11.22 

14 80.20 

73.62 



0 

Control period. 
G'/e hours after 

initial 

13.94 

130 83.12 

78.30 

78.62 

70.60 

13 

Barbital 


histamine 


13.S2 

50 82.82 

76.87 




COMMENT 

The alterations in the volume of blood and of plasma, the red blood 
cell count, the hemoglobin and the chloride content produced b) the 
subcutaneous injection of histamine and by the removal of blood plasma 
were similar. The removal of tvhole blood produced different change.. 
In the experiments in which histamine tvas injected, SO per cent ot 
the decrease in the volume of blood Avas due to the loss of plasma, 
in the experiments in AA’hich blood plasma AA'as remoA’ed, it AAas 90 j>er 
cent, and in the experiments in Avhich Avbole blood Avas remoAcd d 
Avas 50 per cent. The similarity in the effects that arc prodiicef n 
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histamine and by the removal of plasma suggest that histamine causes 
the loss of plasma through the walls of the capillaries. As has been 
stated previously, trauma to muscle and to the intestines and burns 
result in a loss of fluid from the blood stream into the injuied area, 
and this is probably responsible for the concentration of the blood. 
The water content of the striated muscle elsewhere was decreased. In 
view of these observations, we believed before determining the water 
content of the muscles before and after injecting histamine that the 
drug would cause an increase in the water content of all of the muscles 
of the body, since its effect is general and since no trauma was inflicted 
to any part of the body. In this we were mistaken, and it is important 
to note that Ave found the water content of both blood and muscles 
decreased. 

We are unable to state, from the present experiments, whether or 
not the content in water of all of the tissues of the body is decreased 
by histamine as determinations were performed only on blood and 
muscle. It is difficult to perform such studies on the intra-abdominal 
and intrathoracic organs since the taking of the control samples requires 
a major operation which may alter the subsequent determinattons. 
Experiments in which the results in a series of normal dogs arc com- 
pared with those in which such procedures as the injection of histamine 
have been carried out are unsatisfactory because the water content 
of the tissues varies in different animals." Striated muscle is easily 
obtainable, and it takes up and releases water readily. Volkmann" 
stated that 50.8 per cent of the total water of the body tissues is in 
muscle. In animals deprived of water Durig ® found that muscle lost 
the greatest weight. In experimental diarrhea, Tobler'’’ found that 65 
per cent of the loss in weight Avas by muscles. Marriott states : 
“The body possesses an available store of Avater Avhich exists for the 
greater part in the muscles and in the skin, and which can be draAvn 
upon to some extent before airy considerable degree of desiccation of 
other parts of the body occurs.” Analyses on skin are unsatisfactory 
because it is impossible to be sure that all of the fgt has been removed 
from its under surface. 

As has been stated previousl)', histamine causes a loss of fluid from 
the blood stream and from striated muscle. Some of this is lost in 

7. Volkmann, -A. W., quoted by Engels, W.: Arch. f. exper. Path. u. Pharma- 
kol. 51:346, 1904. 

8. Durig, A.: Wassergehalt und Organfunction, Arch. f. d ges Phvsiol 

85:401. 1901. ‘ ^ 

9. Tobler, L.: Zur Kenntnis des Chemismus akuter GeAvichtstiirze Arch f 
exper. Path. u. Pharmakol. 62:431. 1910. 

10. Marriott, W. McKim: Anhydremia, Physiol. Rev. 3:275, 1923. 
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the expired air and urine. Large amounts of histamine administered 
intravenously are usually accompanied by immediate diarrhea, and it 
is possible that histamine causes an increase in the passage of fluid 
into the lumen of the intestines. In the present experiments, analyses 
were performed to determine the water content of only blood and 
striated muscle, and it is not possible to state whether or not the water 
content of other tissues in the body was altered. It is interesting that 
histamine is accompanied by the same type of alteration in the water 
content of blood and muscle as is found after trauma and after burns. 

SUMMARY 

The A^olume of blood and of plasma, the red blood cell count, the 
hemoglobin and the chloride content were determined before and after 
a low blood pressure had been produced by the subcutaneous injection 
of histamine, by the removal of blood plasma and by the removal of 
whole blood. The injection of histamine produced alterations that 
were similar to those which accompanied the removal of blood plasma. 

The injection of histamine caused a decrease in the water content 
of striated muscle. The alterations were similar to those produced by 
trauma, by burns and by the removal of blood plasma. 



EXPERIMENTAL SHOCK 

XU. A STUDY OF THE EFFECTS OF HEMORRHAGE. OF TRAUjMA TO 

MUSCLES. OF TRAUMA TO THE INTESTINES, OF BURNS AND 
OF HISTAMINE ON THE CARDIAC OUTPUT AND 
ON BLOOD PRESSURE OF DOGS * 

G. S. JOHNSON, 2\I.D. 

AND 

ALFRED BLALOCK. -H.D. 

NASHVJLLE. TF.NN. 

In a previous study by one of us (Dr. Blalock *) the effects of graded 
hemorrhages on the cardiac output and blood pressure were determined. 
In experiments on dogs anesthetized ndth morphine it was found that 
the repeated removal of blood is usually associated with a decline in the 
cardiac output from 30 to 50 per cent below the normal level before a 
marked diminution in the mean blood pressure occurs. In subsequent 
experiments = it was found that the loss of blood into the injured area 
after trauma to an extremit)’- was instituted was sufficient to account for 
the decline in the blood pressure. Mild trauma to an extremity.^ trauma 
to the intestines “ and burns •' were studied, and the results indicated 
that the loss of plasma into the injured area was the chief if not the 
sole cause of the sustained low blood pressure that resulted. Evidence 
indicating that the decline in blood pressure in these experiments was due 
to a histamine-like substance was not found. It was believed that 
additional evidence as to the initiating agent in shock might be obtained 
from comparative studies on the effects of hemorrhage, of trauma and 
of histamine on the cardiac output and blood pressure. It was for this 
purpose that these studies were performed. 

* METHODS AND RESULTS 

Dogs were used in all the experiments. Sodium barbital (0.3 Gm, 
per kilogram of body weight administered intravenously) was employed 

* Submitted for publication. Jan. 27, 1931. 

'■'From the Department of Surgery, Vanderbilt University. 

1. Blalock, Alfred: Mechanism and Treatment of Experimental Shock: I. 
Shock Following Hemorrhage, Arch. Surg. 15:762 (Nov.) 1927. 

2. Blalock, Alfred: Experimental Shock: The Cause of the Low Blood 
Pressure Produced by Muscle Injury in Dogs, Arch. Surg. 20:959 (June) 1930. 

3. Blalock, Alfred: Experimental Shock: VI. The Probable Cause for the 

Reduction in the Blood Pressure Following Mild Trauma to an Extremity Arch. 
Surg^ 22:598 (April) 1931; VII. The Importance of the Local Loss of Fluid in 
iQt die Low Blood Pressure After Burns, ibid. 22:610 (April) 

1; VIII. The Composition of the Fluid that Escapes from the Blood Stream 
After Mild Trauma to an Extremity, ibid. 22:617 (April) 1931. 
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as the anesthetic in most of the experiments, but in at least one experi- 
ment in each of the various groups to be described, morphine sulphate 
was used. The results were approximately the same with the two 
types of anesthetics. Sodium barbital was preferable in that it pro- 
duced deeper narcosis, while morphine anesthesia was supplemented bv 
ether while the trauma was being instituted. Sodium barbital anesthesia 
was undesirable in that it alone produced a rather marked acceleration 
of the pulse rate and a lessening of the pulse pressure. Since more 
experiments were performed under barbital anesthesia than under 
morphine and since the advantages of its use seemed to outweigh the 
disadvantages, only the experiments that were performed with barbital 
as the anesthetic will be described in detail in this paper. 

The blood pressure was determined by placing in either the carotid 
or the femoral artery a cannula connected to a mercury manometer. 
Valves were employed for the determination of the maximum and 
minimum pressures. The consumption of oxygen was determined with 
the Benedict spirometer, the Roth graphic recording device being used. 
Samples of blood were withdrawn under oil from the right ventricle 
and femoral artery, and analyzed for their oxygen content in the Van 
Slyke-Neill manometric blood apparatus. The cardiac output was 
calculated by the Fick formula; 

Cc. of oxygen consumed per minute Cc. of blood passing^ through llic lungs 

Cc. of oxygen taken up by 1 cc. of minute 

blood in passing through the lungs 

The blood that was withdrawn for analyses was replaced by blood 
obtained from another dog. The pulse rate and temperature were 
determined frequently. 

In several control experiments, the effects of sodium barbital on 
the cardiac output and blood pressure were determined. In trainefl 
animals that had receir'-ed no drugs except for the injection of procaine 
h 3 ^drochloride at the site of the introduction of a blood pressure cannu a. 
the cardiac output and blood pressure were determined. Sodium 
barbital, 0.3 Gm. per kilogram of body weight, was then administered 
intravenously. The determinations were repeated thirh' minutes atej- 
ninety minutes later and at var^dng intervals thereafter. The admiim 
tration of barbital was follorved by an immediate increase in the pn 
rate and a diminution in the pulse pressure. The cardiac output u 
usually greater thirty minutes after the giving of barbital than 
the control period. Then it usualh' declined to a level slight } 
that found in the control period and remained practical!) stationar) ^ ^ 
at least four or five hours. In experiments of this duration t 
usually no further decline in blood pressure following the 
which occurred usually within ninety minutes after giving t c 
The results in one of the experiments in which the effects o 
alone was studied are given in table 1. 
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‘“"’f The Effects of Hmwnlwge;'-Mtcr barbital tvas !;iv™_ aial 
control determinations were made, whole blood winch e||na ed 0.a pet 
cent of the body weight was removed frotn the fmtoral at tort ,n n 
hour intervals. The early decrease in syslohc pres.snre and r,.<e , 


hour intervals, me ... -v 

diastolic pressure ivhich were found in the previous cxpenim-nl.s 


Table h—TIte Effects of Barb'dal on the Cardiac Ouifui and Blond Vu-s.wc 


Pulse 
Pntc 
■U'clght, per 
Time Kg, Min. 

s: 20 p.m. (control),.. 13.1S 120 

3:57 p.m. (SO minutes 

after barliital) 185 

4:57 p.ro. (90 minutes 

after barbital) 185 

7:45 p.m. (4 hr. IS 

min. after barbital) ISO 

9:30 p.m. (0 hr, after 
barbital) ISO 


Tcin- 

pern- 

turc, 

P. 

Arte- 

rlnl 

Oxy- 

gen, 

per 

(7cnt 

by 

Yol. 

Arlcrlo- 
Venoup vrmiii‘! 
Oxy- 'DUTer- 
pen, cnee, 
per per 

Cent Cent 
by by 

Yol. Vol. 

Mtixl- .Mini- 
itinm niiiiii 
llioiul llliunl 
Pri.p- Vre-.- 
nire, fare, 
■Mm. Mm. 
of of 

Ur Ur 

(Kyi'in 

Crm- 

Mlllip- 

lion, 
Ce. P' r 
Mil). 

Cnrai-.e 
(rntp-.-.i, 
IT. pf r 
.Mill. 

102.4 

15.4S 

9.90 

.0.52 

mo 

107 

r.A.ti; 

V', 

IW.O 

14.SS 

lO.SO 

4.05 

141 

127 

lor.oi 

2,0,*'; 

lOl.S 

14.S3 

10.50 

4..22 

lOl 

in 

s2.eA 

i.'-ir; 

102.3 

14.7C 

P.PC 

4.S0 

1!0 

in 

•.-i.r. 

i,**.i'. 

103.0 

74.70 

9.2! 

5.52 

ir.i 

nr 

KO;'.) 

l,'*T2 


Table 2, — The Effects of Hemorrhage on the Cardiac Outfut and Blood Pressure 




Pulse 

Rate 

Tem- 

pera- 

Arlc- 

rinJ 

Oxy- 

gen, 

per 

Cent 

Artetio- MnxI- .Mini- 
Venous venous mum mum 

O.xy- niflcr- Wood lilood Oxygen 
gen, cnee. Pres- Ttcp- Con- 

per per sure, sure, sump- 

Cent Cent Mm. .Mm, lion, 

Cnr.iliio 
Outimt. 
Co. per 


Weight. 

per 

turc, 

by 

by 

by 

ol 

Of 

Co. per 

Time 

Kg. 

Min. 

P. 

Vol. 

Vol. 

Vol, 

Hg 

Ug 

Min. 

Min. 

11:30 a.m, (control) 

21.03 

129 

100.0 

17.52 

13.GS 

3.84 

102 

ISO 

131.00 

n.412 

1;10 p.m. 0.6% 


120 

100.3 

18.48 

1.3.80 

4. OS 

159 

140 

150.0!) 


2:i0 p.m. 1.0% 


150 

100,8 

17.7G 

13.80 

3.90 

140 

125 

142.07 

K'.r.-s 

3;10 p.m. 1.5% 


150 

lOl.G 

19.50 

13.80 

.5.70 

139 

nr. 

138.33 

2,402 

4:10 p.ro. 2.0% 


104 

102.4 

10.5C 

12.84 

0.72 

137 

113 

141.40 

2. 149 

5:10 p.m. 2.5% 


100 

100.3 

18.G0 

12.00 

e.GO 

120 

00 

1541.05 


6;i0 p.m. 3.0% 

7;i0p.m. 3.5% 

Died 

1C7 

100.0 

19.44 

10.50 

8.8S 

117 

107 

1CS.G3 



hemorrhage under morphine anesthesia were not present in these ex- 
periments, possibly because barbital itself causes a diminution in the 
pulse pressure. In the present experiments, definite reductions in the 
cardiac output preceded significant alterations in the blood pressure just 
as in the previous experiments in which morphine was used. Changes 
in pulse rate are probably unimportant since barbital alone usually causes 
an extremely fast rate. The results of one of the experiments in which 
the effects of hemorrhage were studied are given in table 2. 


_ 4. In one experiment the effects of the graded 

instead of whole blood were studied. The results were 
the two types of experiments. 


removal of Wood plasma 
approximately the same in 
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2. The Effects of Severe Trauma to an Extremity . — ^The trauma was 
inflicted by striking the posterior extremities many times with a hammer. 
The skin was not torn and bones were not broken. The length of time 
during which the trauma was instituted was usually about fifteen 
minutes. The blood pressure usually rose slightly during the traumati- 
zation, The cardiac output always declined markedly before any definite 
reduction in the blood pressure occurred. The results of one of these 
experiments are given in table 3. 

Table 3.-~The Effects of Trauma to au E.vfremity on the Cardiac Output and 

Blood Pressure 


Arte- Arterio- Mnsi- Mini- 

' rial Venous venous mum mum 

Oxy- Oxy- Differ- Blood Blood Oxygen 
gen, gen, ence, Pres- Pres- Com „ 

• l^^e^ S O^e^^ & f ; H; It’ 

.ime V^o^l. vl 

10:45 a.m. (control).. 11.1 126 99.4 18.84 16.20 2.64 140 IW 60.19 

12:05 p.m. (control) 142 99.4 21.o0 18.36 3.uu 

12:45 to 1 p.m. trauma 

'inSwffSs:'®’ .... M ~ 

.... 122 •».i ”■<» <■« ® 

..... 121 100.2 22.20 12.12 0.12 125 105 Ol-® ™ 

5 p.m. (4 hours after g ^5 32 86 75 S0.49 493 

XXflUXXl «*«• * • — — 

Table A.—The Effects of Intestinal Trauma on the Cardtac Output aud Blood 

Pressure 

Arte- Artcrio- Maxi- Mini- 

rial Tcnous venous mum mum ^ 

O^- Oxy- Differ- Blood mood 
gen, gen, ence. Pres- gump- Cardiac 

Pulse Tern- per per per ^e, sm, EumP 

Rate pera- Cent C^nt Cent Ito, Cc.pcr 

Weight, per %e, by by by of ot 

Time Kg. Min. P. ^ol. VoL VoL t 

12 noon (control).... 10.2 128 98.4 24.48 - -i 

12:30 p.m. trauma be- 20 55 5.70 loa I” «7 

f i ^ 1:52 1155 15 15 

2:15 p.m 11^ — - — — 

3. The Effects of Trauma to the 5^^^tween the 

stituted by continuously mashing the intestines g 
fingers after a midline abdominal incision la pressure 

of the experiments there was a definite 

associated with the opening of the rctanicd 

the trauma. In some of these experiments the bloo (iefiru'teiy 

to or almost to the original level, while ^ l^eart vrere 

depressed. However, the alterations m pressure. Th^ 

always much greater than the changes in i -Unc in the card;?-^^ 

results of an c-.xperiment in which there was a large dcclmc 
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output before any definite alteration in the blood pressure occurred are 
given in table 4. The results of an experiment in winch there was a 
drop in the blood pressure and a greater decline in the cardiac output 

are shown in table 5. 

4. The Effects of Burns . — With the animals profoundly anesthetized 
by barbital or by morphine and ether, bums were effected by the use of 
heated metal cauteries. During the time that the heat was being applied, 
the blood pressure usually fell slightly. This was not always the case, 
as in some instances it definitely rose. Studies were performed at vary- 

Table 5.— The Effects of Intestinal Trauma on the Cardiac Output and Blood 

Pressure 






Arte- 


Artcrlo- 

Maxi- 

Mint- 







rial 

Venous venous mum 

mum 







Oxy- 

Oxy- 

Dlller- 

Blood Blood 

OxyBcn 






Rcn, 

sen, 

encc» 

Pres- 

Pres- 

Con- 




Pulse 

Tern- 

por 

per 

per 

Biirc, 

Burc» 

sump- 

Onrdlnc 



Bate 

pera- 

Cent 

Cent 

Cent 

Mm. 

Mm. 

tion, 

Output, 

WclRht. 

per 

turc. 

by 

by 

by 

of 

of 

Cc. per 

Cc. per 

Time 

Kff. 

Min. 

P. 

Vol. 

Vol. 

Vol. 

lie 

Ub 

Min, 

Min. 

10:30 a.m. (control). . 

10.2 

102 

98.8 

20.54 

18.00 

2.04 

150 

03 

02.73 

2,370 

11:30 a.m. (control).. 

. . « • 

102 

0S.0 

10.02 

15.92 

8.00 

102 

lOG 

00.42 

2,214 

11:45 a.m. (trauma 











feegun at 12:15 p.m.) 


lOS 

98.1 

20.70 

16.72 

5.04 

110 

83 

79.10 

1,670 

12:45 p.m 

1 • • • 

lie 

9S.0 

20.88 

15.08 

4.80 

119 

83 

61.10 

1,007 

1:45 p.m 


128 

08.2 

23.88 

15.00 

7.02 

124 

02 

65.35 

099 

2:45 p.m 

.... 

ISS 

93.7 

23.83 

16.50 

8.28 

103 

03 

58.35 

705 

5:00 p.m 


ISO 

97.6 

22.03 

5.48 

16.50 

08 

68 

41.51 

2C0 


Table 6. — The Effects of Burns on the Cardiac Output and Blood Pressure 
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Cent 

Mm. 

Mm. 
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by 

by 

by 

Of 

of 

Cc. per 

Cc. per 
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Eg. 

Min. 

P. 

Vol. 

Vol. 

Vol, 

He 

Hb 

Min. 

Min. 

11:00 a.m 

18.6 

164 

99.1 

17.62 

14.04 

8.48 

134 

02 

02.25 

2,G51 

12:00 noon 


130 

100.8 

21.90 

12.09 

0.87 

126 

08 

112.64 

3,140 

1:30 p.m 


no 

103.1 

21.72 

11.52 

10.20 

184 

90 

124.73 

1,223 

3:00 p.m 


108 

100.9 

22.20 

7.20 

15.00 

114 

72 

110.23 

'774 


ing intervals after the cessation of the burning. The cardiac output 
decreased markedly before there was a significant alteration in the blood 
pressure. The results of a typical experiment are given in table 6. 

5. The Effects of Histamine . — After control determinations had been 
performed, histamine hydrochloride (Hoffmann-La Roche) was injected 
subcutaneously. The solution used consisted of 1 mg. of histamine per 
cubic centimeter of physiologic solution of sodium chloride. In most 
of the animals that were anesthetized by barbital, 5 mg. produced a 
definite decline in the blood pressure. Larger amounts were usually 
required when morphine was the anesthetic. The alterations in the 
blood pressure following the injection of histamine were marked while 
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the changes in the cardiac output were comparative^ small. In some 
instances following the initial injection of histamine, the cardiac output 
was unaltered and the blood pressure definitely declined. The results 
of such an experiment are given in table 7. In other instances, there 
was an initial increase in the output of the heart despite the fact that 
there was a definite decline in the blood pressure. An example of this 
effect is given in table 8. 

COMMENT 

The present studies do not include determinations of the volume 
of blood. It appears to be well established and generally admitted 
that alterations in the volume of blood precede changes in blood pres- 


Table 7.— The Effects of Histamine on the Cardiac Output and Blood Pressure 


Time 

Weight, 

Kg. 

Pulse 

Bate 

per 

Min. 

Tem- 

pera- 

ture, 

P. 

2 p.m. (control) 

16.52 

140 

98.4 

S p.m. (after 20 mg. 
of histamine) 


182 

97.3 

4 p.m. (after 25 mg. 
of histamine) 


164 

93.7 


Arte- 

rial 

Oxy- 

gen, 

per 

Cent 

by 

Vol. 

20.64 

20.52 

21.12 


ArteriO' 
Venous venous 
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gen, cnee, 
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by 

Vol. 


17.04 S.GO 147 


17.04 

16.80 


Maxi- Mini- 
mum mum 
Blood Blood 
Pres- Pres- 
sure, sure, 
Mm. Mm. 
of of 
Hg Hg 

120 


0.48 

4.S2 


04 

73 


60 

50 


Oxygen 
Con- 
sump- 
tion, 
Cc. per 
Min. 

00.80 

80.4S 

92.02 


Cardiac 
Output, 
Ce. per 
Min. 

2,091 

2,571 

2, in 


Table S.—The Effects of Histamine on the Cardiac Output and Blood 


Time 

3:40 p.m. (control).. . . 
4:24 p.m. (after 5 mg 

of histamine) 

5:07 p.m. (after lOmg 
of histamine) . . 


Pulse Tem- 
Rate pera- 
Weight, per ture, 
Kg. Min. P. 


Aite- ArteriO- Maxi- Mini- 

rial Venous venous mum mum 
Oxy- Oxy- Differ- Blood Blood 
ROT. gen, cncc. Pres- Pres- 

^ ’ per per sure, mm. 

Cent Cent Mm. Mm. 

by by of of 

Vol. Vol. Hg Hg 


per 

Cent 

by 

Vol. 


14.6 200 101.5 21.90 17.16 4.74 143 103 


ISO 102.0 
ISO 102.4 


21.24 10.80 
21.00 33.92 


4.44 100 01 

7.03 93 43 


Oxygen 

sump- Cardiac 
tion, 

Cc.pcr 
Min. 51 * 0 . 

101.47 2,141 

12S.33 

127.51 1.'^'*’ 


sure and cardiac output m the development tolic blood 

generally used criterion as to the degree o s loc . ^ 5 of the 
;ressure. This is due in part to the fact that 

blood volume and cardiac output are more di cu P Hoivcvcr, 
accurate and are more apt to result in arm o usualh’ precede? 

the fact that a large decrease in the output ^he 
a decline in pressure after the of abdotninel 

nized. Wigizers.'’ in his studies on 


cn> . l: 


nized. Wiggers.- in nic ore^sure 

shock, stated : “As the contour of the .nlraventncular pre 

"TiSir,. C. J.: Ciroulatoo- The ““f, pST' = 

to Shock and That Due to Other Caiisci. J- - ■ - 
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Due to 
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do not alter, as the heart rate, if it undergoes any change, increases, and 
as the pulmonary arterial pressure remains unaltered, the conclusion is 
reached that the reduction in the blood content and fall of pressure in 
the arteries is not due to a decrease in the minute volume of the heart, 
but to a reduction in the total arterial resistance.” That the output of 
the heart is lessened does not indicate that it is unable to perform its 
work, but rather that there is a smaller amount of blood returning to 
it because of the diminished volume of blood, and hence that it has a 
small output. Information concerning the cardiac output following 
injury stresses the serious nature of a declining blood pressure. When 
the systolic pressure reaches a level of 80 mm. of mercury the output 
of the heart is usually no more than one third of its original value. 

Many .observers who have studied shock produced by trauma to the 
intestines have commented on the decline in pressure that is frequently 
associated with the opening of the peritoneal cavity and the beginning 
of the trauma. In regard to the changes that are found Wiggers ® 
stated: “A glance at the results presented in this chart shows that 
while the preliminary stage of the experiment involving the abdominal 
incision and removal of the intestines produces temporary reactions and 
often leaves the arterial and venous pressures somewhat low, the changes 
are not sufficient to be considered as even an initial stage of circulatory 
failure.” Similar alterations in the arterial pressure were found by us 
in some of the experiments on burns during the time that the injury 
was being instituted. It seems probable that the condition is closely 
related to that which is described as primary shock in which there is a 
temporary dilatation of many capillaries with a fall in blood pressure and 
most likely in cardiac output. For fear of misunderstanding we would 
like to emphasize at this point that this and the previous papers of this 
series are concerned with secondary shock and not with the low blood 
pressure that sometimes appears immediately on receipt of an injury. 

The finding of most interest in these experiments is that after hemor- 
rhage, after trauma to the intestines and to an extremity and after burns 
significant alterations in the cardiac output precede those in the blood 
pressure, whereas the reverse order is found when histamine is injected. 
It does not prove but is evidence that histamine is not responsible for 
the shock that develops after injury. The fact that the studies on 
hemorrhage and on trauma gave closely similar findings supports the 
results in previous experiments of this series in which the loss of fluid 
from the blood stream into the injured area was determined. It is 
realized that the present paper does not include studies on the products 
of protein decomposition which are slower in their action than histamine. 


6. Wiggcrs, C. J. : The Initial and Progressive 
in Abdominal Shock, Am. J. Physiol. 45:485, 1918. 


Stages of Circulatory Failure 
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Such products may be responsible in part for the development of 
shock, and it is possible that they affect the cardiac output and blood 
pressure in the same manner as hemorrhage and trauma rather than like 
histamine. Neither do the present studies include determinations on 
the effects of very small amounts of histamine administered slowly. 
In regard to this point Professor Abel/ in a recent personal communica- 
tion, stated ; “Professor Gibbs of Halifax who is spending some time 
in my laboratory tells me that when you inject into the blood stream 
of cats a weak solution of histamine you can inject a very large quantity 
slowly without causing any fall of blood pressure during an hour or an 
hour and a half. Indeed there may be a slight rise of blood pressure, 
. . . Then all at once the blood pressure falls quickly to a fatal level 
and the animal passes out.” Since in some of our experiments with his- 
tamine there was an increase in cardiac output at a time when the blood 
pressure had definitely fallen, it seems unlikely that an increase in blood 
pressure would be accompanied by a decrease in the output of the heart. 
The experiments mentioned by Professor Abel were performed on cats, 
and it is known that dogs and cats do not exhibit identical reactions to 
histamine. 


SUMMARY 

The cardiac output and blood pressure have been determined 
repeatedly in experiments on the effects of (1) graded hemorrhages, (2) 
trauma to an extremity, (3) trauma to the intestines, (4) burns and 
(5) the subcutaneous injection of histamine. Hemorrhage and the 
various types of injury were associated with, first, a significant decline 
in the output of the heart, followed by a drop in the blood pressure. 
On the other hand, following the injection of histamine, the blood pre..^ 
sure declined first and the cardiac output subsequently. No e\idenc<- 
for the initiating action of histamine in the production of traumatic 
shock was found in these experiments. 


PROTOCOLS 

Experiment 1. — 3 : 20 p. w., control determinations. 3 : 27 p. jj^l 

(3.9 Gm.) given. 3:57 p. m., thirty minutes after administration oi * 
determinations. 4:57 p. m., ninety minutes after barbital, determinations. ^ 
p. m., four hours and eighteen minutes after barbital, determinations. • 
six hours after barbital, determinations. Eleven hours later, t e oo 
had declined to 94 s 3 'stolic and 80 diastolic. ■?0 a ir. 

Experiment 2. — 8:00 a. m., sodium barbital (6.3 Gm.) ghen. 
control determinations. 1:00 p. m., bled 105 cc. T. 10 P- ni., ^ 

2: 00 p. m., bled 105 cc. 2: 10 p. m., determinations. This was 
intervals, the dog dying at 7:10 p. m. after the renio\al oi a o 
blood equaling 3.5 per cent of the body weight. 

7. Abel, John J.: Personal Communication to the author. 19 j0. 
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Experiment 3. — 8:20 a. m., barbital (3.1 Gm.) given. 10:45 a. m., control 
determinations. 12 : 05 p. m., control determinations. 12 : 45 to 1 p. m., leg 
traumatized. 1 : 10 p. m., ten minutes after termination of trauma, determinations. 
1:40^ 3:20 and 5 p. m., determinations. 

Experiment 4. — 9 a. m., barbital (3 Gm.) given. 12 noon, control determina- 
tions. 12:30 p, m., peritoneal cavity opened and trauma begun. Trauma con- 
tinued and determinations performed at 1, 1 : 30 and 2 : 15 p. m. 

Experiment 5. — 8:30 a. m., barbital (3 Gm.) given. 10:30 and 11:30 a. m., 
control determinations. 11 ;4S a. m., peritoneal cavity opened and trauma to the 
intestines begun. Trauma continued and determinations performed at 12:15, 
12 : 45, 1:45, 2:45 and 5 p. m. 

Experiment 6. — 8:50 a. m., barbital (4.1 Gm.) given. 11 a. m., control deter- 
minations. 11:15 to 11:45 a. m., approximately one fourth of body surface 
burned. 12 noon and 1:30 p. m., determinations. 1 : 45 to 2 p. m., additional 
burning. 3 p. m., determinations. 

Experiment 7. — 10 a. m., barbital (4.9 Gm.) given. 2 p. m., control determina- 
tions. 2 : 40 p. m., 20 mg. of histamine given subcutaneously. 3 p. m., determina- 
tions. 3:10 p. m., 5 mg. of histamine. 4 p. m., determinations. The blood 
pressure remained depressed after the initial injection of histamine. 

Experiment 8. 8 : 40 a. m., barbital (4.4 Gm.) given. 3 : 40 p. m., control 
determinations. 4:20 p. m., histamine (5 mg.) given subcutaneously. 4; 24 p. m., 
determinations. 4;44 p. m., blood pressure still depressed; 5 mg. of histamine 
given subcutaneously. 5 : 07 p. m., determinations. 
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KIDNEY 

Tumor. — Llackey^ stated that hemangiomas of the kidney are rare 
but significant because of the urgent necessity at times of surgical pro 
cedures for severe hemorrhage. In a case of his a diagnosis of rena 
tumor was made because of symptoms of renal colic, severe unilatera 
hemorrhage and the shadow of a filling defect in the pyelogram. 
angioma of the lower major calix was found. 

Mackey reviewed from the literature 17 cases of lenal aivon 
which caused hemorrhage sufficiently severe to necessitate surgica re - 
ment. The cases are classified according to their 
determine whether they may be distinguished by any cons an 
feature. In 6 cases the wall of the renal pelvis was ‘ 

suddenness and severity of the hemorrhage necessitate imm 
vention. In none of the 4 cases of angioma of the cortex or hej 
mids did hemorrhage constitute a surgical emergenc} . 
outstanding distinguishing feature, and the ^ aspect 

exclusion of other causes of hematuria. It is 

angioma of the renal pehds when unilateral hemorrha^ _ 

dally if the patient is young, and without other si„cc- 

toms dramatic in onset and so severe as to deman n P of 

subepithelial hemorrhage of the pelvis, a not^ ndvic injection of 
so-called essential hemaUiria, often responds to intrapeh.c mje 

silver nitrate, this treatment should be used. 

,f the Kidney, Brit. J- Snrg. 1S:3'''3 'G.. 


1. r^tackey, W. A.: Haemangioma of 


1930. 
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Although angiomas are simple tumors and fairly small, the diffi- 
culty of localization or the inaccessibility of those involving the pelvis 
make conservative treatment by nephrotomy and cauterization unsatis- 
factory, and nephrectomy is usually indicated. 

Bailey " stated that hemangioma of the kidney is difficult to localize 
and to treat conservatively, as illustrated by his case in which there was 
severe hemorrhage from the right kidney. Frequent attacks of hema- 
turia made nephrectomy necessary. Three or four sections of the 
removed kidney were required before a small interpyramidal heman- 
gioma was found in the upper pole. 

[En. Note. — Hemangiomas of the kidney are usually small, most of 
them being less than 1 cm. in diameter. They may cause profuse bleed- 
ing and are extremely difficult to recognize, since the pyelogram shows 
little that is abnormal. They are commonly on the border of the pelvis, 
so that they bleed into the pelvis. In most cases the tumor does not 
show any other pathologic change, except a small localized area of 
cavernous tissue.] 


Schiffmann® described a case of a combined sarcoma and hyper- 
nephroma of the kidney and of connective tissue of the pelvis. The 
patient, a woman, aged 68, was operated on and died three days later. 
The pelvic tumor lay retroperitoneally and measured 16 by 12 by 11 cm. 
Microscopically, it was found to consist of a capsule of connective tissue 
that sent septums into the depths of the tumor. One section consisted 
of a giant cell sarcoma, one of hypernephroma, and in one both types 
of tumor were closely associated. At necropsy a tumor of the left 
kidney with a thrombus in the renal vein was also found ; this contained 
a necrosing fibroma, a large area of hypernephroma and a small island 
of giant cell sarcoma. 

The pelvic tumor might have been a coincident primary growth or 
metastasis. The rests of suprarenal cortex are sometimes found in the 
pelvis, and such a tumor might be primary there, although it is more 
probable that the growth was metastatic. Schiffmann also stated as his 
belief that the tumor described is a true mixed tumor analogous to the 
carcinosarcoma of the uterus, and that the sarcoma cells are not deriva- 
tives of the hypernephroma. 

Uluhogian ^ reported a case of a rare tumor of the kidney called 
sarcoma cai cinomatode by Billroth. A man, aged 43, experienced pain 


2. Bailey, Hamilton: Haemangioma of the Kidney, Brit. J. Urol 2:375 (Dec ) 

1930. ' ' 

3. Schiffmann, J.; Hypernephroides Sarkom im Beckenbindegewebe-Hyner- 

nephroides Sarkom der Niere, Arch. f. Gynak. 141:685, 1930- abstr in Am T 
Cancer 15:492 (Jan.) 1931. ’ 

4. Uluhogian. L. ; Sopra un caso di sarcoma alveolate o cosidetto sarcoma 

J- CancerTsTps 
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in the lumbar region, vomiting and hematuria. A large, firm, irregu- 
larly spherical tumor which moved with respiration was felt in the region 
of the left kidney, and nephrectomy was done. The kidney was three 
times the size of a normal kidney, and was covered with whitish nodules. 
On section, the tumor invaded the entire substance of the kidney. It 
was composed of polymorphic cells, some being similar to lymphocytes 
except that they had more protoplasm and a more irregular arrange- 
ment of chromatin, whereas others were large and clear, with oval 
nuclei and of various shapes. There were also some very large and 
irregularly shaped cells, which were arranged in compact masses or in 
loose alveolar formation, and contained none of the lipoid that charac- 
terized the cells of hypernephroma. In the larger nodules there was 
reticular stroma containing newly formed fibroblasts which separated 
the single tumor cells from each other. 

Uluhogian stated his belief that this structure is characteristic oi 
tumors of mesenchymal origin, and classified it as an alveolar sarcoma. 
Nine months after operation the patient died following local recurrence 
of pulmonary, hepatic and splenic metastasis. 

Cysts . — Higgins ® stated that solitary cysts of the kidney are more 
common than the literature indicates. A roentgenogram may reveal the 
presence of a cyst, especially if it arises from the lower pole of the 
kidney. Preoperatively, a pyelogram may show a normal kidney, func- 
tional tests may be normal and there may be no urinary symptoms. 
Conservative renal surgical measures are the indicated treatment for this 
condition, either by dissection of the cyst away from the renal tissue, 
or b}’- removal of the cyst together with a small Avedge-shaped portion 
of the pole of the kidney. This will allow adequate approximation of 
the renal tissue. Nephrectomy'- should be performed, if deemed advis- 
able, only'- in the presence of some coexisting renal pathologic condition, 
such as tumor, tuberculosis or calculi. 

Stirling ° reviewed 31 cases of large, solitary hemorrhagic cysts o 
the kidney’-, including a case of his own. There were 17 men an^ 
women in the series ; the average age was 42 years. Twenty^-tu o patien ~ 
were cured, and 9 died. The right kidney was affected in 14 cases an 
the left in 17; the lower pole of the kidney was the site most frequcn 
involved. The size of the cyst varied from that containing a e\\ cu 
centimeters of blood to that containing 4 liters (4,000 cc.). 

Hemorrhagic renal cy^sts are extremely- rare and should not c co 
fused Avith solitary' serous cysts. The wall of the cyst o t ic en 
rhagic type is thicker and the contents are different from t lose oi 


5. Higgins, C. C. ; Solitary Cysts of the Kidney, Ann. Sufj,. 93.v,jS 

6. Stirling, W. C: Large Solitary Hemorrhagic Renal Cyst wuh Review 
the Literature, J. Urol. 25:213 (Feb,) 1931. 



867 


SCHOLL ET AL.-UROLOGIC SURGERY 


serous type. Branch found solitary cysts in 4 per cent of cases in a 
series of necropsies, hut Ewing pointed out that these included the 
common cysts of chronic nephritis. There are no pathognomonic symp- 
toms of this condition. A dull, dragging pain with a sense of fulness, 
with the presence of an indefinite mass in the side, was present in prac- 
tically all of the cases reported. Tenderness over the mass is also usually 
present. 

Resection of the cyst with removal of a wedge-shaped area of renal 
tissue, including the mucous surface of the cyst, is the procedure of 
choice, provided the functioning capacity of the kidney is good. Owing 
to the enormous size of some of these cysts, rupture may take place in 
delivery. This may cause profuse hemorrhage which will require either 
packing or removal of the kidney. Aspiration of the contents of the 
cyst, if possible, helps in the prevention of soiling the operative field. 
As carcinoma was found in the wall of the cyst in some cases reported, 
the cyst should be examined immediately for any signs of malignancy. 

Herbst and Vynalek ^ stated that solitary serous renal cysts, although 
uncommon clinically, occur frequently enough to warrant consideration 
and elimination in all masses of the abdomen. A frequent roentgeno- 
graphic observation is the outline of the shadow of the cyst itself, in 
close approximation to the solid renal shadow, and with density in 
marked contrast to that organ. A cyst large enough to cause clinical 
symptoms is often associated with an abnormal pyelogram, which, 
although seldom absolutely typical of the cyst, indicates pathologic 
changes in the kidneys. Resection of a wedge-shaped portion of renal 
tissue with the cyst is the treatment of choice. This method is less 
likely to be followed by secondary hemorrhage than an attempt at 
simple resection of the wall of the cyst. Nephrectomy should be done 
only in cases of extreme injury to the kidney, or if associated carcinoma 
is suspected. 


Perinephrific Abscess . — Rolnick and Burstein® reported 55 cases 
of perinephritic abscess. In a number of cases there was, from the 
first, definite evidence of tumor and bulging in the loin. In most of 
the cases a period of observation from a few days to ten weeks was 
required before diagnosis could be made and treatment instituted. The 
symptoms were fever, usually prolonged, fairly marked leukocytosis 
varying from 12,000 to 35,000 leukocytes, and, in most cases, costo- 
vertebral or abdominal tenderness which often appeared early. In 21 
cases, previous renal disease or evidences of old renal involvement had 


yr J’ l^obert; and Vynalek, W. J.: Solitary Serous Renal Cysts T A 

M.A. 96:597 (Feb. 21) 1931. ^ ' 


8. Rolnick, H. C, and Burstein, H. J.: Perinephritic Abscess- 
Senes of Cases, J. Urol. 25:507 (May) 1931. 
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been noted. In 31 cases the lesions were apparent!}^ metastatic, although 
the foci of infection could not be determined in every case. In 4 of 5 
cases in which the diagnosis of perinephritic abscess had been made, 
either pyonephrosis or calculous kidney was discovered later. Seven 
of the 55 patients died, 2 of these following nephrectomy as a secondary 
operation, thus the actual number of deaths due to perinephritic abscess 
was 5. 

Several metastatic or hematogenous infections were readily diag- 
nosed. Definite evidence was noted of bulging in the loin with a his- 
tory of chills, fever and localized pain for three to eight weeks before 
the patients entered the hospital. Repeated urinalysis, cystoscopic 
examinations and pyelograms usually gave negative results during tlic 
early weeks of metastatic infection. Roentgenographic evidences of 
obscuring the lateral border of the psoas muscle by the abscess could 
not be demonstrated in four cases. In a number of cases dela 3 ’ed 
excursion, elevation and rigidity of the diaphragm on the side affected 
was noted, an observation of diagnostic value although the condition 
might be mistaken for a subphrenic abscess. Puncture and aspiration 
were the most valuable diagnostic aids. The diagnosis was determined 
in 8 of the 12 cases in which this was done. 

In 6 cases in which pus from the abscess was examined, Bacillus 
coli was found in 2 cases, Staphylococcus albus in 2, pneumococcus in 
1 and Streptococcus hemolyticus in 1. Cultures of the blood yielded 
positive results in 2 cases; in 1 case Staphylococcus albus and in the 
other Streptococcus viridans were found. The staphylococcus was the 
offending organism in most of the hematogenous infections. Nearl} 
all the metastatic infections were secondary to furuncles, carbuncles or 
infections of superficial tissue. 

Birdsall,® in a review of various reports on perinephritic abscess, 
did not find a single instance in which primary infection der elope 
independent of renal or extrarenal focus and resulted in the formation 
of a perinephritic abscess. Primary forms of perinephritic abscess ma\^ 
arise from trauma and injuries in the lumbar region when tierc 
penetration or laceration. Secondar)^ perinephritic suppuration ma 
extend from extrarenal or renal foci or be carried b} the . 
lymph channels. Braasch, in a review of 101 cases in which opera 
was performed for abscess in the perinephritic tissues, foun t lat in 
the condition was secondaiu' to lesions outside the kidnc}. ^ 

reported 44 cases of perinephritic abscess, in 23 of which t lerc 
history of boils, carbuncles, abscess and tonsillitis. In ^'^*1 
21 cases a historj- of primar\' infection was not ascertaine ^ n ^'nhri'i: 
of the opinion, however, that in 100 per cent of casea ol perme. 

9. Birclsall. J. C: Perinephritic Abscess, J. Urol. 23:405 (.April) YA 
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abscess in which there is no evidence of primary renal disease, there 
is a history of such infection preceding' the onset of abscess. 

The characteristic symptoms of perinephritic abscess are pain, ten- 
derness, tumor and fever. Chills, high fever and generalized aching 
pains may be present at the onset. The pain, steady, dull and aching, 
is at first confined to the loins ; later, any movement of the trunk or 
leg on the affected side increases it. 

Early diagnosis may avoid marked renal injury and general sepsis. 
Urinalysis and localizing symptoms lead to investigation of the affected 
kidney. Miller emphasized two points in the diagnosis; the existence 
of a fixed point of greatest tenderness over the renal triangle, and the 
exceptionally high leukocyte count. In 23 cases of his series the lowest 
count was 11,700 and the highest 48,800, with a general average of 
24,700 in each cubic millimeter of blood. Roentgenograms disclosed 
that the spinal column curved away from the affected side ; this occurs 
in other diseases of the kidney, and the outer margin of the psoas 
muscle is obscured by the abscess. 

The mortality from perinephritic abscess depends on the cause, early 
diagnosis and promptness in evacuating the abscess. Hunt, in a series 
of 106 cases of perinephritic abscess observed at the Mayo Clinic, 
reported 7 (6.6 per cent) deaths in hospital. Twelve patients died 
from one month to five years after operation, a total mortality of 17.9 
per cent up' to five years after operation. 

Early drainage is sufficient in most cases of perinephritic abscesses 
which develop from single cortical abscesses or are metastatic in origin. 

[Ed. Note. — Perinephritic abscesses are usually either acute, sub- 
acute or chronic. The chronic form is more common and, as a rule, 
more difficult to diagnose. The diagnosis of recent stapylococcus infec- 
tion, such as furuncle, carbuncle, felon or sore throat, should be taken 
into consideration. In a large percentage of cases the etiology cannot 
be determined. The urine not uncommonly is normal and is not of aid 
in diagnosis. Exploratory puncture has been advocated by several sur- 
geons recently. At times the pus is too thick to come through a 
needle, and a negative puncture does not rule out the presence of 
abscess. In some cases the abscess is small, near the upper pole of 
the kidney, and is located only with difficulty. Occasionally it is neces- 
sary to circle the kidney almost completely with the exploring finger 
before the abscess in found.] 

Mycoj-A.—Lundquist reported a case of Oidium infection in 
which the s ymptoms of acute unilateral pyelonephritis were progressive 

Brit. J. Urol. 3:1 
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and severe enough to require nephrectomy. On section of the kidney 
numerous miliary abscesses were found. At the center of each was a 
fungous growth of a species of Oidium. Fungi or other bacteria were 
not found outside the abscesses. 

Fungous infection of the kidney, especially primary, is extremely 
rare. Twelve cases of primary actinomycosis and 6 cases of nonactino- 
mycotic fungoid disease have been reported, a case of sporotrichosis, 3 
cases of infection due to Oidium albicans, 1 due to Cr}-ptococcus 
renalis and a case of enantiothamnosis. 

Cases have been too few to establish a clinical picture, although in 
primary renal actinomycosis prominent features are anemia, malaise and 
recurrent hematuria. There is absence of secondar}’- vesical symptoms 
typical of tuberculosis, and there is marked perinephritis with infiltra- 
tion and often fistulas. The diagnosis is rarely made preoperath el) , 
although the fungi may be found in the urine. In nonactinom}cotic 
infections, the clinical picture resembles that of acute suppurative p) elo- 


nephritis. 

Pyelonephritis.— Ks-tht stated that the distinguishing feature in 

the differential diagnosis is careful urinalysis. Too much reliance shou 
not be placed on culture of the urine in ascertaining tlie nature of in ec 
tion, as the colon bacillus will often overgrow and outshadow the 
staphylococcus, streptococcus and other organisms. Colon bacil us vas 
recovered in 64 cases in which the stained smear had previous y s lov n 
cocci alone or a mixed infection of cocci and bacilli. ^ • 1 1 ' 

Early catheterization and drainage in acute pyelitis is adrLa c 
all cases in which acute hydronephrosis is suspected as 
chiefly to obstruction caused by congestion, which in turn resu s 
inflammatory processes in the ureter and pelvis and lea to 
rowing of the physiologically constructed portions of t le ure er, 
its intramural portion and the ureteropelvic juncture. ^ 

The modern treatment of chronic pyelonephritis consis ^ ° ‘ 

cation of all possible foci of infection, of the elimination 
the upper and lower parts of the urinary tract, of ‘ , and 

as a ratine, alternating silver nitrate with the 
the employment of local immunization by injection o 
into the renal pelvis. . 

Of 347 cases observed for several years, the [o^.-cr 

improved. In 30 cases there was stasis either m the vpi 
part of the urinary tract, which was a factor m ovenn^, 
of the kidney, making it more susceptible to m ec ion. 
improvement was only slight; relief from symptom.. 

11. klatbe, C. P.: The Differential Diagnosis and Modern Trcatm.-t 
nephritis, J. Urol. 24:119 (Aug.) 1930. 
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transitory, but the urine remained infected. Because of progressive 
destruction of the kidney nephrectomy was performed in 15 cases; it 
was performed for pyonephrosis in 8 cases; for advanced pyelonephritis 
with recurrent stone formation in 3, and for persistent hemorrhagic 
pyelonephritis with atrophy and obliteration of the ureter in 2. 

Hydroncphrosis.Schmidt^- stated that the question of accessory 
renal vessels in relation to the production of hydronephrosis has been 
demonstrated during operations to be a fact. He observed that under 
pyeloscopy such a renal vessel filled with contrast fluid experienced 
difficulty in emptying, and that only a minimal amount of empt}dng 
ensued. In cases in which the vessels were sectioned and nephropexy 
performed, the patients usually obtained relief. A ureteropelvic anasto- 
mosis was done only in cases in which the accessory renal vessels were 
too large to section. 

Beach produced paralysis of the ureter by application of nicotine 
to the free ureter of an anesthetized dog, and observed that dilatation 
of the segment followed if peristalsis persisted for at least a half hour. 
Segmental atony of the ureter in the rabbit and dog was produced 
experimentally, under aseptic technic, by removal of a segment of the 
ureter and reestablishment of its lumen by means of a glass cannula. 
Dilatation of the ureter both above and below the cannula and slight 
dilatation of the renal pelvis occurred in every case in which the cannula 
remained patent. Dilatation was noted as early as the third day after 
operation in the rabbit and after forty days in the dog, and persisted in 
the absence of infection and obstruction. Beach concluded that hydro- 
ureter and hydronephrosis were caused by experimentally produced 
atony of a segment of the ureter. 

Calcified Arteries . — Fish and Hallock^ stated that calcification of 
the walls of the large intrarenal branches of the renal arteries in such 
a way as to give the roentgenologic appearance of calculi or tuberculous 
calcification is extremely rare. They reported a case that is of peculiar 
diagnostic interest to the roentgenologist, internist, surgeon and urolo- 
gist, as shadows such as those shown in the roentgenogram are perhaps 
not infrequently seen, and, when associated with pyuria, hematuria or 
pain, offer a difficult diagnostic problem between calculous disease of 
the kidney and tuberculosis. 


12. Schmidt, Albin; Die RoUe der akzessorischen Gefasse bei der Entstehumr 
der Hydronephrose, Ztschr. f. Urol. 24:414, 1930. ^ 

J. iiof Hy<Iro„ephro,is, 

14. Fish, G. W., and Hallock, L. A.: Calcification of Intrarenal Arteries 
Civmg Roentgen Appearance of Calculi. J. A. M. A. 96:1935 (June 6) 1931. 
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URETER 

Calculi. Tschernjak stated that conservative methods should 
always have preference over surgical procedures in cases of ureteral 
stone, because of the possibility of recurrence. In early days herbs, 
colon bacillus vaccines and various chemical reagents were suggested 
to dissolve the stones. Procedures such as enlarging the ureteral 
orifice, dilatation of the ureter by bougies, and the use of special instru- 
ments have been advocated at various times. Drinking large quantities 
of water so as to increase ureteral peristalsis has been advocated; 
Casper stated that with the ingestion of 1,500 cc. of water the ureter 
contracts 3,000 times in twenty-four hours. Increasing the water intake 
will raise the number of contractions to 10,000. Other observers believe 
that taking a large amount of water at one time will produce a sudden 
secretion of water. The introduction of substances such as glycerin 
into the ureter through a catheter appears to have been successful in 
some cases. The use of drugs hypodermically has been tried. Morphine 
has been found to increase instead of relax the ureteral muscular tonus. 
The use of paravertebral anesthesia has been mentioned, to produce 
temporary diuresis. Casper found this method of no avail ; Tschernjak 
appeared to be partial to the use of drugs. Of 11 cases of ureteral 
calculus, there was successful passage of stone in 9 and partial success 
in 1. Pituitary extract definitely increases ureteral peristalsis and aids 
in expulsion of the stones. Stones in the renal pelvis are not affected 
by these conservative measures. 

Barney and Chute studied a series of 123 cases in which the 
diagnosis was definitely stone in the ureter in the portion below the 
brim of the bony pelvis. There were 4 deaths (3.2 per cent) in the 
hospital, 2 of them during operation. Stones were removed from 
the ureter by cystoscopic manipulation in 35 of 68 cases. 

Some of the requisites in the nonsurgical treatment of ureteral 
calculus are changing the position of the stone in the ureter so that 
the pressure of urine behind it will be more effective, dilating t c 
ureteral lumen so that the stone may be forced through, or using an 
instrument which will grasp the stone and extract it. It is important 
to move the stone so that its long axis lies more or less parallel "Jt^ 
the ureter. This may often be done by passing a ureteral cat lete 
beyond the stone or up to it. Better results may be obtained b} 
dilating the ureter below the stone. The dilatation has been 
plished with one or two ureteral catheters of sizes as large as 

15. Tschernjak. I. S.: Zur Frage dcr konservativen Bchandlung der Ham 

Icitersteine. Ztschr. f. Urol. Qiir. 31:20, 1930. - r i r ‘n tn" 

16. Barney, J. D., and Chute, Richard : The kfanagement oi a cn 
Lower Ureter. J. Urol. 25:173 (Feb.) 1931. 



SCHOLL ET AL.-UROLOGIC SURGERY 873 

pass, or with the largest Garceau catheter which would pass to or 
beyond the stone. In many instances the catheter was allowed to 
remain in place from twenty-four to seventy-two hours. These methods, 
combined with incisions of the orifice of the ureter, either with cysto- 
scopic scissors or with diathermy electrode, were most frequently used. 

Operation was performed seventy-three times on 72 patients with 
the removal of 80 stones. The incision just above and parallel to 
Poupart’s ligament was used in 32 cases, and the mesial incision was 
used in 34 cases. The advantages of the mesial incision are that it per- 
mits operation, if necessary, on both ureters through one incision, aiid 
allows opening the ureter down to the ureterovesical juncture. With the 
incision above and parallel to Poupart’s ligament it is not difficult to 
find the ureter, but it is impossible to open it at such a low point as 
in the mesial incision. The incisions require little, if any, hemostasis ; 
they do not involve the peritoneal cavity and do not injure important 
structures. Hernia has never been observed to follow either operation. 

Carson reported a case of large ureteral stone in which nephrec- 
tomy in two stages was performed. At the first operation 1,000 cc. 
of pus was removed by nephrostomy on the left side. At the second 
operation two calculi, one 4 cm. and one 8 cm., were removed from the 
left ureter. At the third operation the left kidney was removed, and 
four months later left ureterectomy was performed. 

Tumor . — Davis and Sachs reported a case of primary epithelioma 
of the ureter, in which a positive diagnosis was made when the ureteral 
wall was still intact, before the tumor had bepme large, before any 
changes in the kidney secondary to obstruction had taken place and 
before visible implants in the lower part of the ureter or obstruction 
in the ureter to the passage of a catheter had occurred. The kidney 
was first removed, and the ureter was removed one year later. The 
tumor was a low grade, papillary squamous cell epithelioma, about 2.5 
by 2 cm. in size. The bleeding was definitely established as being 
ureteral rather than renal. Clear urine was obtained from the renal 
pelvis coincident with the time that there was visible bleeding from 
the orifice of the ureter on the same side. This unique condition sug- 
gested the diagnosis of ureteral tumor. 

Renner described a case of carcinosarcoma of the right ureter. 
The tumor rose approximately from the middle of the posterior wall 
of the ureter and filled practically the whole ureter as a sausage-shaped 
formation, about 2 cm. thick. It penetrated into the urinary bladder 

17. Carson. W. J. : Giant Ureteral Calculi. Ann. Surg. 91:141 (Jan.) 1930 

18. Davis. Edwin; and Sachs, Adolph; Primary Epithelioma of the Ureter 
J. A. M. A. 96:2096 (June 20) 1931. 

19. Renner, 1^1. J.: Primary Malignant Tumors of the Ureter Sure- CvtiP,- 

& Obst. 52:793 (.^pril) 1931. ’ ' 
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and ended in a round swelling about 6 cm. in diameter. The tumor of 
the ureter was considered to be a real carcinosarcoma, and it was 
assumed that local predisposition of the tissue was already present in 
early embryonic stage, thus causing formation of the growth. 

Of other malignant growths, about 50 ureteral carcinomas and 
about 10 tumors of the mesenchyme, most of them malignant, have been 
reported up to the present. 

Pyoiireter . — ^Jeck stated that pyoureter is caused chiefly by obstruc- 
tion and injury to the nerve supply of the ureter resulting in absence 
of peristalsis and lack of tonus. The principal causative factor in most 
cases is ureteral stone. The relative occurrence of pyoureter, including 
even cases of stone, is small. It can be prevented by proper treatment 
of the ureter and its contents at the time of nephrectomy. A few 
cases ma}”- be successfully’- treated by conservative measures, such as 
fulguration and irrigation, but ureterectomy, especially complete ureter- 
ectomy, is indicated in most cases. 

Plastic Operations . — Ormond presented the following as his per- 

sonal conclusions regarding plastic operations on the ureter: in selected 
cases plastic operations on the ureteropelvic juncture are indicated, the 
ty’pe depending on the individual case. Nephropexy of some kind, as 
well as splinting of the ureter wdth catheters according to Pecks method, 
may be used in most cases. Pyelogram of the supposedly unimohed 
kidney should be part of the diagnostic procedure in every case o 
hydronephrosis. In case of a markedly injured kidney or if patients 
are elderly, nephrectorny^ is preferable to plastic operation unless tie 
other kidney is injured or is in an early stage of the same condition, 
the patient cannot afford the expense of a long coir^ alescence. t e 
follow-up treatment, and the possible time loss and expense of a secon 
operation, nephrectomy’- is to be preferred to a plastic operation m t e 
presence of a normal function on the opposite side, e^en if patients 
young. In cases of aberrant vessels, the procedure to be fol ov e 
to be decided by the size of the vessel ; section in the case ot sma 
vessels, and transplantation of the ureter to the other side o t le ^ e 
in case of the larger vessels. 

BLADDER 

Tumolw.— Higgins ^ stated that the majority of benign 
the bladder reported in the literature have containe ^ , 

tissue. In a series of 38 cases, this element was present in , 

fibromas. 


20. Jeck. H. S.: Pyo-Ureter, Snrg.. Gynec. & Obst. 52:nrS 

21. Ormond. J. K.: Plastic Surgerj' of the Ureter, J. uro . 

22. Higgins. C. C. : Benign Tumors of the Bladder, .A.nn. Sa-r- 
1931. 
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Fibroma arises in the mucosa of the bladder ; as it enlarges it grows 
out into the bladder. On microscopic examination the bundles of fibers 
are found to be closely packed, and a few blood vessels may be seen 
coursing in a direction parallel with the thick, fibrous bundles. These 
tumors may undergo calcification and necrosis on account of their lack 
of blood supply. 

Leiomyomas are tumors composed chiefly of nonstriated or smooth 
muscle and resemble tumors of the uterus. In the cases reported, 
leiomyomas have varied from 1 to 5 cm. in diameter. They may be 
single or multiple. Grossly, these tumors consist of dense, firm nodules, 
which may or may not be pedunculated. The nodules are sharply 
demarcated from the wall of the bladder, their consistence depending 
on the ratio of muscle elements to the connective tissue. Microscopi- 
cally, these tumors consist of smooth muscle fibers arranged in interlac- 
ing bundles. The stroma consists of connective tissue through which 
the blood vessels course. 

Rhabdomyomas are tumors containing striated muscle, and histo- 
logically are more complex than other tumors of the bladder. These 
neoplasms are usually polypoid, single or multiple, and vary from 1 
cm. in diameter to the size of a large polypus. Microscopically, they 
are edematous, with small, spindle-shaped cells, among which are scat- 
tered larger cells with striated protoplasm. 

Angioma in the bladder resembles angioma found elsewhere in 
the body. 

In most cases benign tumors arise in the region of the ureteral 
orifice or the trigone, although no portion of the bladder is exempt. 
In a few of the cases cited, the pedicle of the tumor was attached to 
the vertex of the bladder, and cases of benign tumor arising from the 
posterior and lateral walls of the bladder have been reported. 

Benign tumors of the bladder usually do not present symptoms 
until they are of considerable size. Frequently they are not discovered 
except at necropsy. If the tumors have a long pedicle, or if they are 
near the vesical neck of the bladder, obstructive symptoms, indicating 
the presence of some pathologic condition of the bladder, may occur. 

Benign tumor of the bladder can be determined by cystoscopic 
examination, although visualization is difficult in the case of an unusually 
large growth. Prior to operation the diagnosis of a malignant lesion 
is often made. If the tumor is large, the capacit}'^ of the bladder is 
markedly diminished. The cystoscopic appearance of a small tumor is 
quite dift'erent from that of a papilloma or malignant tumor. As a 
rule, bleeding is not marked, the bladder is less irritable and the tumor 
is smooth and glistening. There is usually no sloughing, and touching 
the tumor with a ureteral catheter does not cause as much bleeding 
as there would be if the tumor were malignant. 
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^ Excision of the tumor is the procedure of choice, a wide excision 
being made to assure complete removal in case unsuspected malignant 
transformation may be present. 

[Ed. Note. — Benign tumors of the bladder, as stated by Higgins, 
are comparatively rare. Angiomas and myomas are occasionally seen. 
The myomas are similar to myomas of the uterus. They are rarely 
pure, but generally are fibrous and benign. Profuse hematuria is a com- 
mon symptom and occasionally is combined with a palpably obstructing 
tumor. Six of 41 cases reported by Concetti among children were 
myomas. These growths are generally on the trigone or posterior wall 
of the bladder and are often pedunculated. They are the most common 
of the connective tissue tumors of the bladder.] 

Macalpine reported 2 cases of hemangioma of the bladder. In 
1 case the diagnosis was made, and treatment was carried out by cysto- 
scopic examination without microscopic confirmation; in the other, 
partial resection of the bladder was done, and the diagnosis was con- 
firmed by histologic examination. 

The outstanding symptom is hematuria, which, when once estab- 
lished, tends to be continuous or to recur at intervals and becomes 
increasingly severe. In 4 of 20 cases reviewed death was due to 
exsanguination. This condition must be distinguished from vesical 
varices, which are simple vascular dilatations and hypertrophy without 
formation of new vessels. The bleeding is not profuse and does not 
tend to recur. Expectant treatment may be given. 

The existence of nevoid tissue elsewhere aids in the diagnosis of 
vesical hemangioma. In Macalpine’s second case, the colon, rectum, 
thigh, scrotum and penis were extensively involved. 

Because the main bulk of the cavernous tissue occupies the mus- 
cularis and because cauterization opens deep vessels \vhich cannot be 
sealed by electrode, transurethral electrocoagulation is reserved for 
small and superficial tumors. For the same reason, resection of the 
bladder, wdien feasible, is preferable to excision of the growth } 
cautery. 

[Ed. Note. — Hemangiomas of the bladder may be small and their 
only sy^mptom a persistent profuse hematuria, or they may be extensne, 
penetrating into the perivesical tissue and simulating growths o o ler 
pelvic organs. In most cases they are composed of anastomo-m^ 
dilated cysts filled with blood; in rare instances they occur as 
ing masses of apparently recently^ formed blood vessels, ' 

fibromyxomatous stroma. Such tumors are comparatively rare. 

23. Macalpine. J. B.: Two Cases of Haemangioma of the Bladder. Brit. }■ 
Snrg. 18:205 (Oct.) 1930. 
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found only 2 in 653 cases reviewed ; Albarran reviewed 3 cases from the 
literature and reported 1 of his own which occurred in a series of 106 
cases of tumor of the bladder which he had observed. There were 3 
cases of hemangiomas in a series of 262 cases of tumor of the bladder 
reported from the Mayo Clinic.] 

Aschner reported a case of carcinoma of the bladder in which an 
operation in two stages was done. At the first stage both ureters were 
transplanted into the sigmoid. Cystectomy was performed seventeen 
days later ; the bladder, prostate gland, seminal vesicles and a massive 
carcinoma were removed en masse. 

In commenting on Aschner’s report, Barringer spoke of the high mor- 
tality in this type of operation (about SO per cent) and suggested 
radium treatment which offers as much chance of cure, with a mortality 
of 3 or 4 per cent. 

Aschner stated that under modern conditions the mortality would 
more correctly be 10 to 15 per cent. 

Aschner stated that cystoscopic biopsy furnishes reliable data as 
to the nature of tumors of the bladder in 97.5 per cent of cases. The 
unavoidable failures occur chiefly in cases of multiple tumors and 
papillomatosis. In the presence of a malignant lesion, prognosis cannot 
be made from biopsy material alone. A diagnosis of a malignant con- 
dition made at biopsy in a case simulating papilloma on cystoscopic 
examination and response to fulguration is an indication for treatment 
with radium or for surgical intervention. Classification based on cell 
grading alone is not practical for clinical purposes. The presence or 
absence of infiltration is apparentl}'’ a more reliable guide to the gravity 
of the case. 

The situation of a malignant tumor determines its resectability. If 
carcinoma is diagnosed on biopsy, and the condition warrants surgical 
intervention, segmental resection of the wall of the bladder is the pro- 
cedure of choice. Failure to operate even when tumors are peduncu- 
lated has often resulted in recurrence. Stalk invasion and tumor cells 
in blood vessels at the base cannot be detected on gross examination. 

Colston stated that there is a general uniformity of opinion that 
all epithelial tumors of the bladder are potentially malignant. Bumpus 
stated that certain tumors that Broders classified as graded 1 and 2 
in his carcinomas graded 1 to 4 can be successfully treated by electro- 
coagulation through the cystoscope. Bumpus does not use radium and 

24. Aschner, P. W. : Carcinoma of the Bladder : Uretcrosigmoidal Implantation 
Total Cystectomy, Am. J. Surg. 8:1068 (May) 1930. 

25. Aschner, P. W.: Clinical Applications .of Bladder Tumor Patholo^n- 
Surg., Gynec. & Obst. 52:979 (May) 1931. 

26. Colston, J. A. C. : The Treatment of Tumors of the Bladder Am T 

Roentgenol. 25:375 (March) 1931. ' * ' 
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treats the more malignant types of tumors by excision and diatlierm}-. 
Hunt found that 65 per cent of the patients operated on for tumors 
of grade 1 and 2 are alive three years or more after operation, whereas 
only 34 per cent of those with tumors graded 3 and 4 were living after 
three years. 

At the Brady Institute, tumors of the bladder are classified accord- 
ing to their appearance at cystoscopic examination. The presence of a 
definite pedicle is of significance when considering treatment and prog- 
nosis. Pedunculated tumors rarely infiltrate; there may occasionally be 
some direct extension of the growth from the pedicle and superficial 
infiltration may occur. This cystoscopic procedure has led to a classi- 
fication of tumors as follows: pedunculated, which are usually not 
infiltrating but may rarely be so; sessile, which may be noninfiltrating 
or infiltrating, and true infiltrating tumors. 

It is concluded that the presence or absence of infiltration is the 
most significant characteristic of any tumor of the bladder and must 
be determined as accurately as possible before treatment. Noninfiltrat- 
ing tumors are best treated by a combination of endovesical electro- 
therapy and direct application of radium. By direct application of 
radium, resistant tumors may usually be made to respond promptly to 
the high frequency spark, which markedly diminishes the possibilities 
of recurrence. Infiltrating tumors should be treated by resection when- 
ever this procedure can be done safely. When resection is impossible 
the tumor should be destroyed by diathermy through the open bladder, 
and radium seeds implanted throughout its base. Successful and intelli- 
gent treatment of tumors can be carried out only by knowledge^ of 
cystoscopic and electrotherapeutic methods, the technic of application, 
the results of radium and deep roentgen ray and thorough surgical 
experience in the treatment of such neoplasms. 

Calculi . — Caulk ^"considered the advantages and disadvantages of the 
suprapubic removal of stone from the bladder as compared with lit o 
lapaxy or the crushing operation and evacuation of calculous fragments. 
The current opinion is that litholapaxy is indicated in all uncomp Jcate 
cases of stones in the bladder, without obstruction, without association 
of diverticulum, tumor of the bladder, intense cystitis or uret wa s ric 
ture, and that surgical removal is the operation of choice in comp ica e 

cases. rrf 

The average age of patients with stone in the bladder was 
years. The majority'^ of stones occurred usually w’hen the patients w 
between the ages of 40 and 70 years. One hundred ninety-seven o 
patients (S7.5 per cent) were men, and 2S (12.5 per cent) were worn 

27. Caulk, J. R.: Litholapaxy: The Method of Preference for the Remo^nl 
of Vesical Calculi, Ann. Surg. 93:891 (April) 1931. 
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There was associated enlargement of the prostate gland in 116 cases 
(51.4 per cent), including 20 cases of carcinoma of the prostate gland 
(17 per cent). Stricture of the urethra occurred in 17 cases (7.5 per 
cent), associated with prostatic hypertrophy in 7. Other conditions 
associated with stone were carcinoma of the bladder in 13 cases ; diver- 
ticula of the bladder in 17 ; neurogenic bladder in 5 ; suprapubic fistula 
in 8; vesicovaginal fistula in 1 case; recto-urethral fistula in 1, and 
perineal fistula in 2 cases. Sixty-five per cent of the patients were 
classified as good risks, and 35 per cent as poor. Of the poor risks, 
42 (60 per cent) were operated on by litholapaxy with 1 death (2.4 
per cent), and 16 were treated suprapubically with 4 deaths (25 per 
cent) . One hundred ninety-six operations were performed in the series 
of 225 cases. In 112 (57 per cent) of the 196 cases, litholapaxy was 
done; in 32, suprapubic cystotomy alone; in 52, cystotomy in conjunc- 
tion with prostatectomy and other surgical procedures such as diverti- 
culectomy, resections of the bladder for tumor, radium implantation or 
catheterization. Litholapaxy was performed in 44 cases in which pros- 
tatic hypertrophy was associated ; 7 operations were done in cases with 
prostatic carcinoma, and 8 operations in cases with stricture of the 
urethra. 

In 169 cases in the series the size and number of stones were noted. 
In 66 (39 per cent) the stones were multiple ; cure followed litholapaxy 
in 60 per cent. In 14 cases (35 per cent) multiple stage operations 
were required. There were 82 stones either alone or multiple. The 
condition of 27 (33 per cent) of these patients was cured by litholapaxy. 

In many of the simple cases a local urethral anesthetic is sufficient ; 
there appears to be no necessity for a general anesthetic. In rare cases, 
spinal anesthesia is advisable. The chief structures to be protected 
during this operation are the urethra and the wall of the bladder. It is 
essential to crush as much as possible during one introduction of the 
lithotrite and then remove it for evacuation. It is seldom necessary 
to insert the lithotrite more than twice at one sitting. To protect the 
urethra from tears or injury resulting from fragments adhering to the 
instrument, the lithotrite is advanced into the bladder and when cen- 
tered in the open bladder, the male and female blades are jammed 
together in order to throw off the impacted fragments and then are 
screwed together tightly before extraction. 

Few complications resulted from litholapaxy in these cases; pyelo- 
nephritis occurred in 4.4 per cent, epididymitis in 4.4 per cent, hemor- 
rhage in one case, periurethral abscess in 3 per cent and impacted calculus 
of urethra in 3 per cent. The average stay in the hospital in the 112 

cases was ten days; in most of the uncomplicated cases, only two or 
three days. 



880 


ARCHIVES OF SURGERY 


Indications for the suprapubic operation are; large stones, stones 
which are adherent to the wall of the bladder and stones associated 
with other pathologic conditions, such as prostatic obstruction, stricture, 
diverticulum or tumor. The average stay in the .hospital following 
suprapubic cystotomy was thirty-nine days. In 32 cases of simple cysto- 
tomy there was one death (3.1 per cent). In the 52 cases of cystotomy 
for stone in which prostatectomy or prostatectomy with resection of the 
bladder for tumor or for diverticulum was done, there were 7 deaths 
(13.4 per cent). In the 112 cases of litholapaxy there was 1 death. 


Diverticulum . — Eisenstaedt and McDougall stated that increased 
intracystic pressure due to obstruction or infection or both are sig- 
nificant in causation of hernia of the bladder through a congenitally 
weak area. Congenital diverticula do not present histologic character- 
istics to distinguish them from the acquired type. Complete surgical 
removal is indicated in all cases in which the general condition of the 
patient warrants operative intervention. Preliminary drainage offers 
little help in preparing a patient for radical resection of a diverticulum. 

Exstrophy . — ^Walters stated that 100 patients with exstrophy of 

the bladder have been operated on at the Mayo Clinic within the last 
thirty years. Seventy-three of these patients were operated on by a 
method described by C. H. Mayo. The procedure consists of trans- 
peritoneal transplantation of the ureters into the sigmoid, using a prin- 
ciple which Coffey described in transplantation of the common bile duct. 
The lower end of the ureter, for a distance of 2.5 to 3 cm. is carried 
in the wall of the sigmoid, between the muscular and mucosal layers of 
the intestine, so as to secure a valve-like action. In the experience at 
the clinic this operation has been attended by an extremely low mortaUt} 
rate, and the evidences of ascending infection into the kidneys are prac- 
tically negligible, even fifteen or trventy years after operation. Man} 
of these operations were performed on adults, but the most propition- 
time is before the age of puberty. The patient should be at least ^ 
years of age and should have obtained splrincteric control of the ece-. 
The safest procedure for children has been to transplant one ureter at < 
time. Preferably, the right ureter is transplanted at the first operatio 
and ten days or two weeks later, the left ureter is transplanted , m tc 
days the bladder can be removed. In the 73 cases in 
ureters have been transplanted, 3 patients (4.1 per cent) die 
hospital. 


28. Eisenstaedt. J. S.. and McDougall. T. G. : iVi 

Especial Reference to Their Surgical Removal, T. A. 3>f. A. 

1931. _ 

29. Walters, Waltman; The Surgical Treatment TS. 

Abnormalities of the Genito-E'rinary Tract, .-tun. Sure. 93 . cJ- - P- 
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Paralysis. — Cathcart reported a case of paralysis of the bladder 
due to spina bifida occulta. At cystoscopic examination residual urine, 
trabeculation of the bladder, relaxation of the internal sphincter and 
reduction of the expulsive force were noted. The condition was cor- 
rected surgically, with a good result. 

Learmontli stated that in cord bladders in which spina bifida 
occulta is present, the osseous defect may be regarded as a primary 
factor in from 60 to 70 per cent of cases. The actual manifestation of 
the paralysis is due to mild but continued pressure on the roots of the 
sacral nerves, particularly the second, third and fourth sacral nerves, 
which provide motor and sensory fibers for the bladder. This pressure 
may be due to one of a number of causes. The most usual cause is the 
presence of a fibrocartilaginous band below the bony defect, which 
represents the persistent ligamentum flavum plus the I'udimentary 
vertebral arch. 

Tuberculosis . — Ferris stated that most authorities consider the 
bladder is never the primary focus of tuberculosis in the body. Vesical 
tuberculosis is usually secondary to involvement of the kidney, and less 
often to tuberculosis of the epididymis, prostate gland or seminal 
vesicles. He reported finding at necropsy tuberculosis of the bladder, 
unaccompanied by other demonstrable tuberculous involvement of the 
geiiito-urinary tract. Acute necrotic and exudative pulmonary tuber- 
culosis and acute ulcerative tuberculous enteritis with multiple perfora- 
tions causing general peritonitis were also present. 

In the records of 2,062 necropsies at the New Haven Hospital, a 
tuberculous lesion of some type was mentioned in the anatomic diag- 
nosis in 751 cases. In 568 cases the tuberculosis was healed or quiescent 
and was shown by an apical scar in the lung, or a calcified lymph node. 
In the remaining 183 cases, the lesions were active, and usually the 
primary cause of death. Ten cases of tuberculosis of the bladder were 
noted ; in 7 cases one or both kidneys were involved, and in 6, infection 
ot the prostate gland, seminal vesicles or epididymis was also present. 


PROSTATE GLAXD 


Hypertrophy . — Cabot rated the causes of death after prostatec- 

tomy as follows; (1) infection, including so-called pyelonephritis. 


30. Cathcart, Edward: An Unusual Case of Paralysis of the Bladder, Proc. 
Staff Meet., Mayo Clinic 6:180 (March 25) 1931. 

31. Learmonth, J. R. : Discussion, Proc. Staff Meet., Mayo Clinic 6:180 
(March 25) 1931. 


o2. Ferris, H. W. ; Tuberculosis of the Bladder: Report with Necropsy Find- 
Jngs of an Unusual Case Terminating in (General Peritonitis from Perforated 
tuberculous Ulcers of the Ileum, J. Urol. 25:497 (May) 1931 . 

00 . Cabot, Hugh : Infection, the Central Problem in the Treatment of Prostatic 
^Obstruction. Proc. Staff Meet., Mayo Clinic 6:163 (IMarch 18) 1931. 
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together with the infectious incident to operation, such as infection of 
the prevesical space, epididymitis and periurethritis ; (2) various tjpes 
of pneumonia and (3) various vascular accidents, including pulmonarv 
embolism and cerebral hemorrhage. 

It is Cabot’s belief that too much attention is focused on avoidance 
of renal insufficiency in prostatectomy, and that infection has been 
allowed to assume significance in the cause of death. The more common 
types of infection contributing to mortality in prostatectomy are pyelo- 
nephritis, infection of the prevesical space, epididymitis and periurethritis, 
the last three of which can be partially or entirely abolished by atten- 
tion to technic. Infection of the prevesical space can be avoided by 
approaching the bladder, after the skin, fascia and muscles have been 
separated, only in a transverse way, allowing the fascial protections of 
the prevesical space, where resistance to infection is low, to remain 
intact. Epididymitis is a serious complication, and is almost always 
due to extension of infection from the prostatic region to the epididymis 
along the vas deferens. It may be avoided by division of the vas 
deferens at the beginning of the institution of drainage, whether by 
urethral catheter or by suprapubic cystostomy. Periurethritis arises 
from irritation of the urethra, most commonly by an inlying catheter, 
but also by instrumentation incident to diagnosis. It is a handicap in 
the institution of urethral drainage, and perhaps cannot be entirely 
avoided if this method of drainage is to be used. 

Infection of the urinary tract known as pyelonephritis should 
include infection of the bladder which always accompanies it. Pjelo- 
nephritis due to pure colon bacillus infection is seldom severe and rarel} 
a cause of death. The admixture of various cocci together with Proteus 
ammoniac produce a more severe and highly fatal lesion. 

In cases in which drainage by catheter is discontinued early or is 
never employed, and in which the drainage is done by the suprapu ic 
route, infection of the urinar}'- tract may not occur, or it is likel) to c 
milder. In this group is the other common source of infection o t le 
urinar}^ tract, namely, that which follows removal of the prostate g an 
an organ almost always infected by the time patients appear for 
tion. The removal of the prostate gland leaves a surface suscepti e 
infection on account of raw surfaces exposed to contamination, nm^^ 
tions appearing after prostatectomy are likely to be more serere, pr 
ably because the various cocci or the Proteus are more common } 

infecting organism. _ . . - 

Urethral drainage with the inlying catheter is associated in^ 
tion and jeopardizes somewhat the so-called one-stage prostateccom, 
it is now carried out. 

[Ed. Note.— Cabot outlines succinctly the problem JJ! 

prostatic obstruction. Neff and Keyes showed that c>.to- 
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two stages will avoid an enormous degree of prevesical space and infec- 
tion of the abdominal wall. The ligation of the vasa as a preventive of 
epididymitis is now almost uniformly practiced. The use of the 
indwelling catheter undoubtedly predisposes to prostatitis and posterior 
urethritis of varying degree, as emphasized by Thomas and others. Hunt 
has shown that such infection probably has some value in vaccinating 
the patient against that infection which must take place in the prostate 
bed when the gland is removed, and hemostatic bags, packs and catheters 
are placed in contact with the raw surface of the prostatic capsule. It 
taxes the judgment of the surgeon to evaluate the factors for or against 
one or two-stage prostatectomy.] 

Thomas, Exley and O’Brien reported on a study of the preopera- 
tive and operative treatment, with observations at necropsy in 30 cases 
of hypertrophy of the prostate gland. Infection may be introduced into 
the urinary tract by any type of drainage of the bladder by catheter, 
and into the blood stream by traumatizing the urethra, both of which 
conditions contribute to the mortality in hypertrophy of the prostate 
gland. In 93 per cent of the records at necropsy, old or recent infection 
of the urinary tract was a significant factor in causing death. In none 
of the cases in this group was suprapubic drainage of the bladder alone 
carried out ; in 93 per cent there was either periodic or permanent drain- 
age of the urethra by catheter. Cardiovascular disease without infec- 
tion of the urinary tract was a factor in producing death in only 7 
per cent of the cases. Bronchopneumonia was the cause of death in 
14 cases (46 per cent). In only 2 cases there was no evidence of a 
severe genito-urinary infection. Forty per cent of the total number 
of deaths occurred during preoperative treatment. 

The authors concluded that the infection already present in the 
urinary tract, together with that which may be introduced by instru- 
mentation, causes bacteremia which is responsible for the majority of 
deaths occurring during the treatment of hypertrophy of the prostate 
gland. 

Seng®^ observed that in cases of prostatism in which the accepted 
normal of blood pressure deviated, the surgical risk was unfavorable, 
complications were likely to occur, and healing was prolonged. Five 
hundred and fourteen cases were studied. Estimations "of blood pressure 
were divided into low, cases in which the systolic blood pressure was 
less than 140 mm. of mercury; normal, cases in which the systolic 

34. Thomas, G. J.; Exley, E. W., and O’Brien, W. A.: Causes of Death 
hollowing Treatment for the Relief of Prostatic Obstruction, T Urol 25*343 
(I'larch) 1931. 

35. Seng, M. I.; Study of Blood Pressure in Prostatism Including Cardio- 
^’ascu^ar Changes, J. Urol. 25:313 (March) 1931. 
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pressure was between 140 and 160, and high, cases in which the systolic 
pressure rvas 160 or more. 

Of 454 cases in which prostatectomy was successfully performed, in 
which the condition was cured, the blood pressure was normal in 174 
(38.1 per cent) ; it rvas low in 152 (33.4 per cent), and high in 128 
(28.5 per cent). General examination of the cardiovascular system in 
these 454 cases disclosed arteriosclerosis in 22 per cent; enlargement 
of the left side of the heart in 18 per cent ; myocarditis in 8 per cent ; 
chronic endocarditis in 7 per cent, and enlargement of the right side of 
the heart in 1 per cent. In the cases in which blood pressure was low 
the average systolic pressure was low for prostatectomy. Renal func- 
tion was good. After drainage the systolic pressure and pulse pressure 
dropped, but the renal function improved. In the normal group the 
average systolic and diastolic pressures were at the lower limits of 
normal. Pulse pressure indicated normal myocardium. Renal function 
was only slightly impaired. Following drainage, systolic, diastolic and 
pulse pressure dropped sharply, and renal function improved. After 
prostatectomy systolic and pulse pressures rose steadily, and renal func- 
tion improved. In the group in which blood pressure was high the 
S 3 fstolic and diastolic pressures and the pulse pressure were high. Renal 
function was good. Drainage lowered the systolic pressure markedly; 
diastolic and pulse pressures rvere less affected. Renal function 
improved. Patients with normal blood pressure have a resilient cardio- 
vascular system. Following drainage, there is usually an initial fall m 
the pressure. .With rest this should be partially recovered before pros- 
tatectomy. After removal of the prostate gland, a fall with recovery 
occurs. 

There were 60 deaths in the series of 514 cases of hypertrophy of 
the prostate gland. Thirty-six deaths (60 per cent) occurred following 
prostatectom)^ ; IS (30 per cent) followed primary cystotomy only, and 6 
(10 per cent) occurred in cases in which only drainage by indwelling 
catheter could be done. Thirty-six patients (7 .34 per cent) died fol 
lowing prostatectomy. The mortalit}^ following only primaip' 
tomy or' drainage by catheter was 45 per cent in the group in vhici 
blood pressure rvas low; 42.8 per cent in the group in which 
pressure was normal, and 31.5 per cent in the group in which the^ oo 
pressure was high. Operative mortality was 18 (6.74 per cent) m t c 
group in which blood pressure was low, 20 (6.45 per cent) m i 
normal group, and IS (9.21 per cent) in the group in which the pres- 
sure rvas high. The lowest operative mortality in relation to t 3 pe 
technic was 2 deaths (3.3 per cent) rvith suprapubic prostatectom)^^^^ 
one stage. Usually prostatectomy was performed by the 
suprapubic method; there were 32 deaths f7.cS per cent). 
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tality rate of perineal prostatectomy was 2 (25 per cent). In cases in 
which cystotomy only was done, 18 patients (51.4 per cent) died. 

Necropsy revealed that 28 per cent of patients had had arterio- 
sclerosis; 46 per cent, enlargement of the left side of the heart; 13 
per cent, enlargement of the right side of the heart, and 20 per cent 
had had chronic endocarditis. Death in the group in which the blood 
pressure was low was apparently caused by cardiac deficiency rather 
than by increasing renal impairment. It occurred on an average of 
seventeen and five-tenths days after operation. Before drainage the 
systolic and pulse pressures were moderately low. Renal function was 
moderately impaired. After drainage there was practically no change 
in the pressure. Renal function as estimated by the condition of the 
blood was slightly more injured. Following prostatectomy, a marked 
drop in systolic and pulse pressures occurred, which was less marked 
in diastolic pressure. Renal function was impaired. In the case in 
which blood pressure was within normal range, the systolic pressure 
fell steadily after drainage ; there was a further fall after prostatectomy. 
The diastolic pi'essure fell markedly after drainage with only moderate 
recovery after removal of the prostate gland. Death occurred from 
cardiac involvements and acute cardiac accidents rather than from renal 
failure, which is substantiated by the fact that death occurred on an 
average of ten and seven-tenths days after prostatectomy. If systolic 
pressure was high before operation, it rose after drainage, and fell 
abruptly after prostatectomy. There was a decided fall in diastolic 
pressure, with practically no recovery after removal of the prostate 
gland. Pulse pressure showed inversion of the usual curve, only more 
marked than in the other two groups. The renal function improved 
slightly following drainage without further recovery' after prostatec- 
tomy. The mortality in this group was more definitely attributable to 
the combination of cardiovascular and renal deficiency. Death occurred 
on an average of seventeen and seven-tenths days following operation. 

In the group m which the blood pressure was low, and in which 
prostatectomy was successful, complications were most common. The 
basis of 46 per cent of all complications was infection. Hemorrhage 
sufficiently severe to require packing of the prostatic cavity following 
prostatectomy occurred in 3 cases (0.6 per cent). Two were in the 
group in which blood pressure was lorv, and 1 in the group in which 
it Was normal. 

Seng concluded: The patient with normal blood pressure is the 
ideal surgical risk in prostatectomy. Deaths are principally due to car- 
diac and pulmonary involvements. If the patient has low blood pres- 
sure, prostatectomy is not so advisable. The wound heals sluggishly, and 
there is often advanced renal or cadiovascular breakdown, permitting 
oil y the simplest procedures to be undertaken. Cardiac and renal involve- 
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ments usually are the cause of death. Patients with high blood pressure 
are the least favorable surgical risks, as they are liable to cardiovascular, 
pulmonary and renal lesions. 

Bacon, Kretschmer and Woodruff stated that the electrocardio- 
glam adds little information to indicate the preoperative risk in cases 
of obstruction of the prostate gland when severe cardiac disease is 
apparent on general examination. The hearts of elderly patients may 
be reported as normal on general examination, yet the electrocardio- 
gram may show definite evidence of myocardial disease, a warning of 
the potential danger in attempting operation, particularly under general 
anesthesia. 


Carcinoma. — Rovsing^^ stated that carcinoma of the prostate gland 
is one of the types that afford poorest operative results, owing, in most 
cases, to late diagnosis. Metastasis develops early, and for this the 
patient first seeks relief. If the carcinoma develops in the periurethral 
or accessory prostate gland, the symptoms are those of simple hyper- 
trophy; if it lies hidden by the prostate gland proper, its real nature 
may escape the exploring finger. If the carcinoma develops in the 
prostate gland proper, it may grow for a long time without causing 
retention, but can easily be detected on rectal exploration. 

Suprapubic prostatectomy is not recommended in cases of carcinoma 
of the prostate gland. In most cases enucleation is difficult because of 
firm adherence to the gland. The perineal route, which is usually chosen 
with the Young method, is no more radical than suprapubic enucleation. 
The advantages of the suprapubic route are as follows: diagnosis is 
possible regarding the extent of the tumor in the bladder by insertion 
of one finger into the bladder and another into the rectum ; healing is 
more rapid than ’by the perineal route and fistulas are avoided, and if 
the tumor is inoperable, suprapubic drainage may be instituted. The 
relation of the tumor to the rectum is more easily determined by the 
perineal route, but hemostasis is more difficult and there is alva}S 
danger of fistula. The nerves and vessels of the external sphincter are 

less exposed to injury by this route. , 

In 1928, Rovsing carried out the combined suprapubic and penncai 
operation. The bladder was resected in the median line ^ J 
margin of the tumor and then cut through the wall of the a 
around the tumor and prostate gland and at a suitable distance rom 
the tumor. Usually the wall of the bladder is not split to this exten , 
but in Rovsing’s case the tumor extended too far into 
permit implanting of the urethra at the usual site. The bladder 


36. Bacon, C. M.; Kretschmer, H. L., Jt^nreh) 

cardiom-aphic Studies in Prostatic Obstruction, J. Urol. 25.333 C / . 

37. ^Rovsing, Christian: Om behandlingen af cancer prostatae. Uge.v. . 
92:578, 1930; abstr.. Am. J. Cancer 15:498 (Jan.) 1931. 
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therefore closed anterior to the urethra, leaving a broad catheter in 
the latter. 

The combined operation can be undertaken only if the patient s 
general condition permits such extensive intervention. Careful exami- 
nation must be made for metastasis in the lungs and liver and in the 
glands of the pelvis, as manifested by neuralgic pains or edema of 
the lower limbs. The spinal column, especially its lumbar portion, and the 
bones of the pelvis must be examined, preferably by roentgen rays. 
If metastasis is present, radical operation does not offer cure and is 
not the proper procedure for relieving retention and other symptoms. 

The primary operative mortality with the combined suprapubic- 
perineal operation is no greater than after simple prostatectomy. Rov- 
sing's patient is well and working a year and a half after operation. 
In a number of cases fistulas and incontinence will occur. 

Treatment by roentgen rays has given poor results in carcinoma of 
the prostate gland. As an adjunct to radium treatment and as a pallia- 
tive measure in metastasis it is still used. Radium gives better palliative 
results than any other treatment, but cures are rare. Marion and Bar- 
ringer have not had satisfactory results from radium treatment. Bum- 
pus, Deming and Young are more optimistic about its use, principally 
as a palliative measure. For retention, catheterization rather than 
cystostomy is indicated in cases in which radium is to be applied later, 
and also in cases in which radium is not to be used. 

The suprapubic fistula is indicated in cases in which urethral 
obstruction renders catheterization impossible, as well as in cases of 
total retention complicated with infection and in cases of severe hemor- 
rhage from an ulcerated tumor. The suprapubic fistula may also afford 
relief in some cases of ulcerated tumor combined with cystitis in which 
the patient suffers intensely from tenesmus and pain on urination. 
Patients should be encouraged to get along without the fistula as long 
as possible, as inflammation of the bladder incident to this interven- 
tion hastens ulcer of the tumor. When tlris develops C3fstitis cannot 
be kept down, and the patient’s suffering is increased. 

Abscess. — Swan=® stated that abscess of the prostate gland can 
manifest itself in a variety of ways. The entire gland does not always 
become abscessed; only a small part of one or more lobes may be 
mvolved. Symptoms may be almost entirely absent, local or gen- 
eralized. The course of the disease is prolonged, although the acute 
stage may last a comparatively short time. 

Swan believes that, except in cases in which surgical intervention 
IS necessary due to acute retention, to the onset of high fever and 

Swnn. C S.: A Clinical Consideration of Prostatic .^becess T TTr^^t o- 
■tlo (April) 1931. ' 
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chills, or to failure to relieve urgency and tenesmus ot urination by 
palliative measures, nonoperative treatment should be the first method 
of choice. After the gland has been drained surgically, requiring hos- 
pitalization of about two weeks, there is always a period, usually 
prolonged, of necessary prostatic massage before the gland is free 
from infection. In most cases it is doubtful whether the operative 
drainage shortens the total duration of infection in the gland. Palliative 
treatment, consisting of hot rectal irrigations and frequent gentle 
massage, often eliminates the necessity of operative intervention in 
many cases. In some cases in which arthritis, chills or fever are not 
present before surgical intervention, all these . conditions arise after 
operation, probably by a sudden throwing out of inflammatory products 
with their possible entr}' into the blood stream in the form of bac- 
teremia. 


(To be Concluded) 
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FRACTURES OF THE FEMUR 

TREATMENT BY THE RUSSELE METHOD OF TRACTION: 
REPORT OF TWENTY-ONE CASES * 


HENRY J. LUND, M.D. 
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f 


My attention was first attracted to the Russell ^ method of treating 
fractures of the femur in 1927, on reading an article Ryan - of 
Philadelphia. I herewith report the end-results in twenty-one cases in 
which this method of treatment was used at the Golden State Hospital, 
Los Angeles, 

I have been impressed by the ease of application of this method and 
by the comfort it affords the patient. It facilitates the dressing of com- 
pound wounds and makes easy daily inspection and measurements. 
Early massage and other physical therapeutic measures may be given 
with excellent care of the soft structures and adjacent joints. The 
method may be used for practically all types of fractures of the femur. 
The end-results have been excellent, and a minimum of residual disabili- 
ties of the joint have occurred as compared with those following other 
methods. 


The object of the Russell method depends on a natural and com- 
fortable position of the limb with relatively small amount of extension 
to restore equilibrium of the muscle. Russell contended that when the 
muscles are extended to their normal length the fractured ends of the 
ones fall more or less into their natural alinement, provided there are 
no soft tissues interposed between the fragments 

of S/lf P"”' to tonic contraction 

of. the long muscles of the thigh. These muscles have their origin 

mSscIes to the* o ? f ‘ ^fetch these 

permit the hoT r ' correct alinement and to 

tin. resume a more normal position. In order to tin 

~ nri:: " df to 

for the ligaments arraSAl "“diess, 

jected to sfreSL ^ sub- 

n^. The entire extending force will fall on the muscles. 

Submitted {or publication, Nov, 7, 1930, 
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In addition to this group of long muscles of the thigh, which are 
active in producing shortening, there are also the adductors, which are 
inserted into the linea aspera and adductor tubercle of the femur. The 
function of this group is to adduct and slightly rotate the thigh. The 
site of the fracture in regard to this group has much to do with aline- 
ment. If the line of fracture is high, the lower fragment is displaced 
medially; if low, the distal fragment is displaced laterally. In the 
mechanism of most fractures the shearing force is applied ventrally and 
from the lateral surface, so that naturally the fragments are forced back- 
ward and inward. The adductors tend to keep the displaced fragments 
in that position. This muscular action can be counteracted by varying 
the degree of adduction or abduction of the thigh, this being controlled 
by the position of a head to foot bar which is attached overhead to 
the Balkan frame. 


THE APPARATUS AND TECHNIC OF APPLICATION 

The material needed is a Balkan frame, four single pulleys 1 inch (2.5 cm.) 
in diameter, some window weight rope and 1, 2, 3 and 5 pound (0.5, 0.9, 1.4 and 
2.3 Kg.) weights. Care should be taken that large pulleys and a small rope are 
used in order to minimize friction. The frame is attached to the bed, and 6 inch 
(15.24 cm.) blocks are placed under the foot of the bed. A head to foot bar is 
attached to the frame parallel to the fractured limb, which is abducted about 10 
degrees. This bar carries pulley “A” at a point below the knee. A foot piece is 
attached to the frame which carries pulleys “B and D.” A spreader and another 
pulley are needed, which are attached to the traction apparatus on the leg. 

Some manipulation may be done, but anesthesia is not required. The leg is 
shaved and closely inspected for wounds. If these are present, they arc thoroughly 
sterilized. Two strips of moleskin adhesive plaster are applied to the lateral and 
medial surfaces of the leg from the level of the tibial tuberosities disfally to a 
spreader which is placed 2 inches (5 cm.) beyond the plantar surface of the foot. 
This spreader carries pulley “C.” The spreader should be broad enough to 
prevent pressure on the malleoli bi' the adhesive traction straps. Thin cotton 
pads placed over the malleoli give added protection. A bandage is wrappe 
loosely over the adhesive and around the leg from the ankle to the knec.^^ 

The traction pulleys are placed in the following manner: Pulley A is sus 
pended from the lower surface of the overhead bar at a point verHcallj ' 

junction of the tuberosities and shaft of the tibia. Pulleys B and ^ 
attached separately to the traction bar beyond the foot of the bed. u ej 
is attached to the center of the distal surface of the spreader. 

A broad canvas sling which has been padded with soft felt for com 
passed beneath the knee. The canvas is firmly attached to a 
From this spreader the cord is passed as follows: through 
pulley “B” on the traction bar bei'ond the bed; through pulley C on 
through pulley “D” on the traction bar beyond the foot of the he v 
weight is attached. The surgeon stands at the foot of le e an ^ 

ropes and applies the weights. A soft pillow is placed un er pjHow 

adjusted as to prevent posterior angulation at the site of rac {oncii* 

is placed under the leg and achilles tendon so as to prevent le degrees 

ing the bed. The limb comes to rest in a position of not more 
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oi abduction and one-fourth normal flexion. In most of the cases reported here 
it was found that a straight pull gave better reduction Uian a pull through a jd 
tion. The position of the leg is, roughly, one parallel with the bed, the heel almost 


but not quite touching the bed. _ , , 

Usually no difficulty is encountered with eversion, the upward traction on the 
knee which is in a position of flexion, tending to prevent it. If too much eversion 
does ’occur, it can easily be corrected by attaching a small weight to the spreader 


at the foot. 


Weights Required jor Reduction and its Maintenance.— Tlvi weight first 
attached is 8 pounds (3.6 Kg.) for adults. Russell stated that for infants and 
young children he uses from to 4 pounds (0.25 to 1.8 Kg.) and for children 
up to 14 years of age 6 pounds (2.7 Kg.). At the end of three or four days 
roentgenograms are taken to check the progress of reduction. If the o\erriding 
persists, an extra 2 or 3 pounds are added. The weight required for maintaining 



Fig. 1. — Russell traction apparatus. (From Brit. J. Surg. 11:492, 1924.) 


correct reduction is determined by roentgenograms and frequent measurements. 
After the third week, 5 or 6 pounds of weight has been found to be sufficient to 
maintain reduction until clinical union has occurred. The mechanics of the trac- 
tion method are such that the vertical and horizontal pull on the knee is prac- 
tically twice the horizontal pull on the leg, a slight loss being due to friction of 
the rope and pulleys. 

AFTER-CARE OF THE PATIENT 

The apparatus is inspected daily, care being taken to see that the 
pillows are in place to prevent posterior bowing at the site of fracture 
and pressure of the heel on the bed. 

When there is clinical evidence of firm union, traction is removed, 
and the patient is kept in bed for one week. During this time free 
motion is allowed, and he may sit on the edge of the bed with his legs 
hanging over. If union is not firm, pain is experienced at the site of 
the fracture, and angulation occurs. If roentgenograms demonstrate 
angulation, the traction is replaced. 
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If angulation has not taken place during the week after discontinu- 
ance of the traction, the patient is allowed to use crutches, usually 
without any accessory support. In certain cases in which the callus 
appears somewhat sparse and shows a lack of normal deposition of 
calcium, the patient has been fitted with a walking caliper splint which 
is worn until union is solid. Physical therap}^ is given in the form of 
electrical stimulation, both galvanism and faradism, together with 
diathermy. Massage and early motion at the joints are begun. As soon 
as the callus is sufficiently solid, weight-bearing on the limb is encour- 
aged. First one crutch and then the other is replaced by a cane. Dis- 
ability terminates when the patient can walk without the use of a cane 
and is able to resume the usual occupation with maximum function of 
the ankle, knee and hip joints. 

Russell stated that whether the fracture is in the upper, middle or 
lower third of the femur, the treatment is exactly the same. The 
position of the limb and mode of extension is equally appropriate in 
all three conditions. The visible displacement, which is caused by mus- 
cular action, is only a transient phenomenon and will disappear as soon 
as the limb is placed in a comfortable position. He entirely disregards 
the proximal fragment and places the limb in a position that is natural 
and comfortable, with the assurance that the position natural and com- 
fortable for the entire limb will be equally so for the proximal fragment 
in common with the rest, and that such position will be that which the 
proximal fragment will assume. The position is roughly one of about 
4 inches (10.16 cm.) abduction at the hip with one-fourth normal 
flexion at the knee. 

To recapitulate, in fractures of the femur, given a method of stretch- 
ing out the muscles of the thigh to their normal length by an appliance 
that is perfectly comfortable, nothing will remain to be done except 
to overcome the force of gravity at the site of the fracture. The sim 
plicity of this principle makes it the more practicable, and the mctlioc 
has proved to be so in practice. 


ANALYSIS OF CASES 

Trventy^-one patients with fractures of the femur hare been . 
by the Russell method at the Golden State Hospital. T le ana 
distribution of the fractures is shown in table 1 . t-, -,4 

In two of the cases, the fractures were compound. ’’ .^^^^-erclv 
showed certain degrees of comminution, four of whici uere 
comminuted. In four cases, the line of fracture extended into ti c c 
trochanter. The lesser trochanter was complete r separa c 
attachment in three cases. One of the patients la stu an 
fracture, the lines of fracture being through t le proxii i 
thirds, respectively. In case 3. both femurs uere rac « 
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Most of the patients suffered from varying degrees of shock, three 
to a marked degree. Other injuries were sustained in the majority ot 
the cases, the nature of which are given in table 2. 

The after-care of the patients presented certain medical complica- 
tions as shown in table 3. 

Table 1.— Anatomic Distribution of Fractures 


Locfitlon Number 

3 

„ 

Pertrochanteric _ 

f Proximal one-third i 

Shaft •! Middle one-third ‘ 

[ Distal one-third ^ 

Total 


Table 2. — Other Injuries Sustained By Patients 


Injury Number 

Severe eontusions ot the thigh 4 

Lacerations of the scalp 3 

Cerebral concussion 3 

Fracture of the humerus 2 

Fracture of the ribs 2 

Fracture of the radius-ulna 2 

Rupture of the spleen 1 

Compound fracture of the tibia-fibula 1 

Acute sprain ot the hnec 1 

Fracture of the radial styloid 1 

Lacerations of the forearm 1 

Paralysis of the peroneal nerve 1 


Table 3. — Complications Presented 


Complication Number 

Hypertrophic arthritis 5 

Arteriosclerosis with hypertension 3 

Acute bronchitis o 

Cystitis ! . . . ! 2 

Myocarditis with decompensation ^ 

Acute retention with prostatic hypertrophy n 

Syphilis 


In none of these cases did decubital ulcers develop. The patient in 
case 8 was about ready to resume work when he slipped and fell down 
a flight of stairs, refracturing the femur. The line of fracture was 
through the recently hardened callus. Four of these patients had been 

treated at other hospitals prior to their examination at the Golden State 
Hospital. 

1. The patient in case 3 sustained a fracture of the shafts of both 
emora on Aug. 3, 1927. He was treated by manual reduction and the 
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application of a plastei' body cast. He was transferred to the Golden 
State Hospital thirteen days after the injury, at which time measure- 
ments showed 2 inches of shortening 

o * 

2. The patient in case 7 sustained a fracture of the shaft of the 
right femur on July 11, 1927. He was treated by traction on a modified 
Thomas splint. He was transferred to the Golden State Hospital fifty- 
one days after the injury, at which time measurements showed 1 inch 
of shortening. 

3. The patient in case 16 sustained a fracture of his left femur in 
the subtrochanteric region on March 12, 1929. Traction was unsuc- 
cessful, so an open reduction was performed on March 31, and the 
fragments held in position by a Lane plate. The cast was removed at 
the end of four weeks, and the patient was allowed to use crutches. He 
was transferred to the Golden State Hospital on Ma}'^ 14, two months 
after the injury. Examination showed considerable angulation and 1 
inch of shortening. 

4. The patient in case 18 sustained a fracture of the right femur 
in the intertrochanteric region on Dec. 5, 1929. The fracture was immo- 
bilized by a plaster body cast. He was transferred to the Golden State 
Hospital after ten days, when measurements showed 1 inch of 
shortening. 


With the exception of these four cases, the traction was applied 
the same day that the accident occurred. 

Nineteen of the patients treated were males; two were females. The 
average age was 42, the youngest patient being 17 and the oldest 74. 


One patient, a woman, aged 74, died. She was in a state of pro- 
found shock and failed to respond to treatment. 

All the patients were treated at the Golden State Hospital, Los 
Angeles, under the direction of Dr. Sam Herzikoff, chief surgeon, 
except the patient in case 21 who was one of Dr. Herzikoff s pli^atc 
patients and was treated at home, the Balkan frame and other apparatus 
having been supplied from the hospital. 

The patient in case 22 is still under treatment. The case is introdttccd 
to show the rapidity and ease with which impaction may be reduced an 
an almost perfect alinement obtained through the use of 8 pounds o 
weight, according to the Russell method. 

The accompanying illustrations are sepia-wash drawings of aett 


roentgenogram tracings, and rvere made by me. 

A resume of the histories of the cases follows . 

Case l.-J. M., a 3 ’outb, aged 17, was injured on April 18, wlicn the 
motorcycle on which he was riding collided with an automobile. He m i 
scious for forty-five minutes. Examination showed the foUov-ing uj 
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fracture of the left femur, (2) severe laceration of the scalp with cerebral con- 
cussion, (3) contusions of the upper part of the abdomen and (4) generalized con- 
tusions of the body and abrasions of the skin. , c x 

The patient was in marked state of shock. Roentgenograms of the left femur 
showed an oblique spiral fracture at the junction of the middle and upper thirds 
with overriding of about inches (3.77 cm.). The upper fragment was dis- 
placed anteriorly and inward. Russell traction was applied ^ylth 8 pounds of 
weight. On April 20, the patient complained of severe pain in the left upper 
quadrant of the abdomen and in the left shoulder. An exploratory laparotomy 



Fig. 2 (case 1).— Roentgenograms taken on: 1, April 18, 1929 ; 2, June 24, 1929. 


was done, and a ruptured spleen removed. Recovery was uneventful. Follow- 
ing this operation, the patient’s left leg was replaced in Russell traction. Roent- 
genograms taken on June 24, nine and one-half weeks after injury, showed 
abundant callus, particularly along the external surface. Alinement was good 
y,ith slight angulation at the site of the fracture. There was slight inward and 
backward displacement of the distal fragment, but no shortening. Clinical exami- 
nation showed firm union. Traction was removed. Motion in the ankle joint 
was normal, and motion in the knee joint showed complete extension with flexion of 
about 75 degrees. Measurements showed the left limb to be inch (0.63 cm.) 
siorter than the right. The patient was given intensive physical therapy and 
lo%\ed to use crutches. No protective brace was applied. The patient returned 
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to work on Jan. 23, 1930, nine months after injury. Examination showed that 
he walked without a limp. The limbs were normal externally except for slight 
atrophy of the muscle of the left thigh. The motion of the hip, ankle and knee 
joints was within normal range. 

Case 2. — J. P., a man, aged 54, was injured on April 4, 1929, when a heavy 
steel girder fell from a dolly on which it was being carried and struck the 
patient’s right thigh. Examination revealed: (1) fracture of the right fcimir 
and (2) fracture of the right radial styloid. The roentgenograms showed an 



oblique fracture of the midportion of the inward. 

1X4 inches. The distal fragment was displaced taken <.n 

Russell traction was applied with 8 pounds o x ' corrected, so 3 

April 11 show^ed that the overriding had be^ „„ May 11 

additional pounds of weight was added. Roe^gc g 

showed good alinement with end to end txpP^>t'0 • clin.cal 

removed. Examination on June , showed the pre.scnce J 

union. Traction was removed. The '^o^'otgen . was corrected 

abundant callus. The alinement was g<^d, and t x 

The motion of the ankle was normal. .plint was apphed. 

e.xtension with flexion of about 25 per cent. A ualk.n„ 
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and the patient was allowed to nse crutches. He was given intensive physical 
therapy. During convalescence, he complained of moderate swelling of the entire 
extremity. The crutches were gradually discarded. Early in September, 1929, 
five months after the accident, the patient began to remove the brace and to bear 
weight on the injured member. He returned to light work on Nov. 14, 1929, 
seven and one-half months following the accident. Examination showed a slight 
weakness of the right lower extremity. The patient walked without a lirnp, and 
measurements showed the length of the lower extremities to be equal. Motion 
of the ankle and hip was normal. Flexion of the right knee was impaired 10 
per cent. 



Fig. 4 (case 3). — Roentgenograms of the left femur taken on: 1, Aug. 3 and 
Sept. 28, 1927 ; 2, roentgenograms of the right femur. 


Case 3.— J. B., a 3 muth, aged 19, was injured on Aug. 3, 1927, when an auto- 
mobile in which he was ridding skidded from the highway over an embankment. 
The patient was rendered unconscious. He was taken to a nearby hospital, where 
he was placed in a body cast; on August 16, he was transferred to the Golden 
State Hospital. Examination showed the following injuries : (1) fractures of the 
shafts of both femora, (2) fracture of the neck of the right humerus and (3) 
fracture of the right first and left second ribs. The left femur showed a long 
comminuted spiral fracture involving about 9 inches (22.9 cm.) of the shaft, the 
distal fragment being displaced inward and posteriorly the width of the shaft. A 
large triangular fragment 8 inches (20.3 cm.) long was detached from the upper 
and external portion of the femur, the upper level of this fragment being opposite 
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the base of the lesser trochanter, while the lower level was at the junction of the 
middle and lower thirds of the shaft. The fragments were overriding about 2 
inches and were badly malalined. 

The right femur showed an irregular transverse fracture of the shaft througli 
the junction of the upper and middle thirds. The ends were wholly displaced, 
and the fragments were overriding about 2 inches. The distal fragment was dis- 
placed inward and posteriorly, 

Russell traction was applied with 8 pounds of weight to each extremity. 
Examination on September 28, eight weeks after injury, showed firm clinical 



Fig. 5 (case 4). — Roentgenograms taken on: i, June 21, 1929, 2, Sept. 9, 19- 


union. The roentgenograms showed good ahnement ^^cre 

riding. There was a marked formation of callus. Chn.calh 

straight, and measurements showed them to be of prac ica j , ‘ j complete 

Motion of both ankles was normal, while motion of both Lth 

extension with flexion of about 60 per cent. The patictP "as < -Yom 

legs from the bed. He was allowed to use crutches. ^ ‘ for a cane. 

the hospital on October 14. On October 21, he J f mflv of tiring 

and on November 22, he walked without support, comp am 

easilv. He returned to work on Feb. 1, 1928, si-x ‘ ,renKnts fbo"cd 

muscle tone was good. He walked without a hmp. The mea. 




LUND— FRACTURES OF FEMUR 


899 


the legs to be of the same length, though the patient claimed he was inch 
shorter than before the accident. No pain or tenderness was felt at the site of 
the fractures. Motion of the ankle, knee and hip was normal. 

Case 4.— F. G., a youth, aged 18, was injured on June 21, 1929, when he 
cranked his truck while it was in gear. The truck lurched ahead, crushing his 
right thigh against a building. The roentgenograms showed a transverse fracture 
of the right femur at the junction of the middle and lower thirds. There ^yas 
backivard and inward displacement of the distal fragment with complete separation 
of the fragments. There was overriding of 1 inch. A free fragment was seen 
lying on the upper surface of the lower fragment. Russell traction was applied 
with 8 pounds of weight. Roentgenograms taken on June 25 showed that the 
overriding was not completelj' corrected. Three additional pounds of weight was 
added. On September 9, eleven weeks after injury, examination showed firm 
clinical union. Traction was removed. The roentgenograms showed consider- 



Fig. 6 (case 5). — Roentgenograms taken on; 1, ]\Iay 17, 1927; 2, Aug. 24, 1927. 


able callus. There was slight backward displacement of the distal fragment 
about one-third the width of the shaft and slight internal displacement of the 
upper fragment. Apposition was good. The patient was allowed to remain in 
bed for ten days, when roentgenograms showed no increase in deformity. He was 
then allowed to use crutches. No protective brace was applied. Motion of the 
ankle was normal, while that of the knee showed complete extension with flexion 
of about 35 per cent. The patient was referred to the physical therapy depart- 
ment. He was discharged from the hospital on September 30. On December 1 
he began to bear weight, and on Feb. 21, 1930, eight months after the injury, he 
returned to light work. His only complaint was slight weakness of the right 
ower extremity with soreness at the site of the fracture at the end of the daj'. 
y.xamination on illarch 21 showed that the patient walked without a limp. There 
vas no muscular atrophy. IMeasurements of the limbs showed the right one to 

be about JX inch shorter than the left. The motion of the ankle, knee and hin 
was normal. ^ 
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Case 5.— J. D., a man, aged 31, was injured on May 17, 1927, when a plank on 
which he was walking broke, and he fell 18 feet to the ground. The plank followed 
him and struck his right thigh. Examination showed ; ( 1 ) fracture of the right femur 
and (2) clinical signs of syphilis (saddle nose, perforated septum, penile scars). 
The Wassermann reaction of the blood was 3 plus. The roentgenograms showed 
a long oblique fracture of the upper one third of the shaft of the right femur 
extending to the level of the lesser trochanter. The distal fragment was displaced 
inward and upward so that the fragments were overriding about 1 inch. There 
was a secondary line of fracture through the greater trochanter and another at 



Fig. 7 (case 6). — Roentgenograms taken on; 1, Nov. 26, 1928 , 2, Jan. 2-, 


the base of the lesser trochanter. Russell traction was applied viti 

weight, and antisyphilitic treatment was instituted. On Jul> , 

the injury, roentgenograms showed excellent position and a inemcn \\ i ‘ 

union, so that traction was removed. The fragments, lionet er, i 

position so that traction had to be reapplied. On August _ ’ . aliiumcr.t 

injury, traction was removed. The roentgenograms s lowe 

and position. Examination showed firm clinical union. ^ \'ovcmher 7, the 

with a walking caliper splint and allowed to use crutc les. n i joined of 

caliper splint was removed, and the patient used on j ^ “"^1 , j,;. rctinred 

pain in the right groin. On Feb. 4, 1928, nine mont is a ^ j mt,=cle rt 

to work. He walked without a limp. There was slight atropln 
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the right thigh. The measurements showed the right limb to be inch shorter 
than the left. Motion of the hip, ankle and knee was normal. 

Case 6 .— R. D., a youth, aged 19, was injured on Nov. 26, 1928, when a 20 
pound block of ice fell from the top of a refrigerating car and struck his right 
thigh. The roentgenograms showed a comminuted fracture of the shaft of the 
right femur at about its middle third. There was complete separation of the ends 
of the fracture with overriding of about 2 inches. There was marked inward 
angulation with the proximal fragment pushed inward and overriding the distal 
fragment anteriorly. The upper 2 inches of the lower fragment was badly com- 



Fig. 8 (CM 7)._R„e„,ge„„gr™s t,k™ „„ : J, J„,y , 9 , 7 , 7^ 


- SHU, 

t'on was placed at the site nf ^ “ ^ pounds of side trac- 

1929. eight weeks a ter f ° taken on Jan 22 

c,ist»c.„c, considerable callos. AK„e„i " 

Clinicllv firm mfion wS L ^ 1 P'^stea 

allowed to use crutches No sunn t removed, and the patient was 

"•ns normal. The knee could be fle^id ?o'thrriXt'a''^f n 
-as substituted for crutches; on March ^ tlm Sn ^ ^ 1 , a cane 

.» ™ck on Ma,. .3, fire -and.o-n:', ‘ffi r.^Rtire 
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tion showed slight fulness at the site of the fracture due to bone prominence 
immediatel}^ beneath the soft tissues in front of the middle one third of the thigh. 
The patient walked with a very slight limp. Measurements showed the right 
thigh to be shorter than the left by inch. Motion in the hip, knee and ankle 
was normal. 

Case 7.— J. N., a man, aged 25, was injured on July 11, 1927, when a heavy 
water tank which he was helping to unload slipped from the wagon and fell across 
his right thigh. He was taken to a nearby hospital where the limb was placed in 
a modified Thomas splint; on August 31, he was transferred to the Golden State 
Hospital. Roentgenograms taken on September 2, showed an oblique fracture of 
the shaft of the right femur about inches (14 cm.) above the knee joint. The 
distal fragment was displaced the width of the proximal fragment and angulated 
posteriorly, overriding the proximal fragment about 1 inch. There was no sign 
of callus. Russell traction was applied with 8 pounds of weight. Roentgenograms 
taken on September 13 showed greatly improved alinement but considerable 
external bowing. Three pounds of lateral pull was attached. On October 19, 
thirteen weeks after fracture, roentgenograms showed the alinement in the antero- 
posterior plane to be very good. The distal fragment was displaced backward 
about one-half the width of the shaft but without overriding. Clinical union was 
firm, so traction was removed and a walking caliper splint applied. Flexion of tiie 
knee was present through about 25 degrees. The patient was referred to tlie 
physical therapy department for intensive treatments. He made slow progress, 
so that it was necessary on December 15 and Jan. 2, 1928, to manipulate the knee 
under gas anesthesia. The patient was discharged from the hospital on January 
13. He was wearing a caliper splint at all times. There was present moderate 
atrophy of the entire right lower extremity. Flexion of the knee was present to 
75 degrees. On March 3, the caliper splint was discarded. On May 15, the patient 
returned to work, ten months after injury. Examination showed slight atrophy 
of muscles of the right thigh. The patient walked without a limp, though mea- 
surements showed the right limb to be inch shorter than the left. Motion in 
the ankle and hip was normal. Flexion of the knee was impaired IS per cent. 

Case 8. — S. Q., a man, aged 22, was injured on June 1, 1927. lie was standing 
on the edge of a ditch when the walls caved in, so that he fell into the ditch and 
into the chains of a ditch digger. The following injuries were sustained. (1) 
fracture of the left femur, (2) fracture of the right tibia and fibula and (3) c.xtcn- 
sive lacerations of the right forearm. Roentgenograms of the left femur sboued a 
short oblique fracture of the shaft at about the junction of the middle and upper thir s. 
There was overriding of about 1 inch. A triangular fragment about 2/2 inc les 
(6.27 cm.) was detached from the posterior surface of the distal fragment. 
traction was applied with 8 pounds of weight. Clinical examination on 
nine weeks after the fracture, showed firm union, so traction was remote . 
roentgenograms showed considerable callus. The ends were in ^position 
more than three-fourths of their surface, and alinement was good. n . 

25, the patient was bearing full weight on the injured limb. i 

restoration of function, and he was about ready to resume wor ' v len le . 
and fell downstairs, refracturing his left femur. The roentgenograms 
fracture to be through the newly formed bone. There was 
angulation, the distal fragment being displaced inward and posterior }. 
overriding of about 2 inches. The leg was placed in traction i ^ „ 

Examination on Fob. 1, 1928, nine tveck, after 
clinical union. The roentgenograms showed reunion nith shgi P 
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The ends were in apposition. There was 35 per cent flexion of the knee. Traction 
was removed, and the patient was kept in bed. He was allowed to use crutches on 
Jilarch 21, and was referred to the physical therapy department. He was discharged 
from the hospital on Jlay 15. On Julj’’ 17, he returned to work, eight months 
after the second fracture and thirteen months following the original fracture. 
The limbs were equal in length, and the patient walked uithout a limp. The 
muscles of the thigh were not atrophic. Motion of the hip and ankle joints was 
normal. Flexion of the knee was impaired about 10 per cent. 



F'g. 9 (case 8) .-Roentgenograms taken on: 1 June 1 1997 • 9 a ^ 
--cfracture, Xov. 25, 1927; 4, Feb. 1, 1928. ' ’ ' ^ 

s ruck by an automobile while crossing a street He .v.T’ ’ ^ 

shock. The roentgenograms showerf 3 J m a state of considerable 

upper third of the shaft of the left femur”" 

in half, the Posterior pttforb'inl ^XV? 

about ir^ ,„chcs. The leg was niaced in F if ' overriding of 

Conval„ce.,ce >v„ co^pliLS bi n-vocTril "''-',? ® «* 
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occurred at the site of the fracture, so traction was reapplied. On April 26, twenty- 
three weeks after fracture, there was a firm clinical union with good callous forma- 
tion, so traction was again removed and a caliper splint applied. Roentgenograms 
taken on May 4 showed no recurrence of deformity, so the patient was allowed 
to use crutches. Flexion of the knee was 25 per cent normal. On September 26, 
the caliper splint was discarded. Examination on Jan. 15, 1930, showed perfect 
clinical union. The patient walked with a slight limp, and measurement of the 
limbs showed shortening of ^ inch (1.9 cm.). Motion of the ankle was normal. 
Extension of the knee was normal ; flexion was impaired 10 per cent. Fle.vion of 
the left hip was 114/130, and extension was normal. Abduction was limited 10 
per cent. Adduction and external rotation were normal, while internal rotation 
was limited 15 per cent. The patient was able to work, but was prevented due to 
an attack of acute cardiac decompensation. 



Fig. 10 (case 9). — Roentgenograms taken on: 1, Nov. 13, 1928; 2, Jan. 26, 1929. 


Case 10. — J. E., a man, aged 63, was injured on Nov. 26, 1929, when be was 
caught in an elevator shaft and dragged to the basement. He sustained a com 
pound fracture of the left femur and a compound fracture of the left humerus. 
Physical examination showed chronic bronchitis and hypertension with arterio 
sclerosis. The roentgenograms show'cd a comminuted fracture of the midportion o 
shaft of the left femur with overriding of 2 inches. There was a large 
completely detached from the outer and posterior portion of the shaft. 
was placed in Russell traction with 8 pounds of weight. Roentgenograms la 'cn 
on December 26, showed inward angulation which w'as corrected by outwar r< 
tion. Examination on Feb. 26, 1930, twelve rvecks after injure, siowc 
clinical union, so traction w'as removed and a wmlking caliper splint app le 
knee showed complete extension wdth flexion of 50 degrees. M<4ion o ic ‘ 
was normal. The patient was given intensive physical therapy. ca iper 

was discarded on .'-\pril 28. On May 28, the patient walked wit i 
He returned to w'ork on August 1, eight months after injur>. '.vannna 
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that he walked without a limp, the limbs measuring the same. There was some 
muscular atrophy. Motion of the ankle, knee and hip was normal. 

Case II — S P., a man, aged 48, was injured on Aug. 4, 1929, when he slipped 
on a wet floor, fell and fractured his right thigh. The roentgenograms showed an 
irregular transverse fracture of the femoral shaft about 6 inches above the knee 
with complete displacement of the fragments and overriding of PA inches. Ihe 
distal fragment was displaced anteriorly and inward. Russell traction was applied 
with 8 pounds of weight. Callus was very slow in forming. Examination on 
December 26 showed evidence of union so that a caliper splint was applied. Five 



Fig. 11 (case 10) .—Roentgenograms taken on: 1, Nov. 26, 1929 ; 2, Feb. 26, 1930. 


days later the patient began to complain of pain at the site of the fracture, and 
there was evidence of bowing. Traction was reapplied. Examination on Feb. 18, 
1930, twenty-eight weeks after the accident, gave evidence of firm union. The 
roentgenograms showed good alinement and position with abundant callus. The 
walking caliper splint was reapplied. Motion of the ankle was normal. Extension 
of the knee lacked 10 degrees of being normal ; flexion was possible through 25 
degrees. There was marked muscular atrophy of the right thigh and leg. The 
patient was given intensive physical therapy. On July 9, the caliper splint was 
discarded. On .August 1, the patient walked with only the aid of a cane. There 
was no hmp, no shortening and only moderate muscular atrophy. Motion of the 
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ankle and hip was normal. The knee showed complete extension with 15 degrees 
impairment of flexion. The period of further disability was estimated at two 
months, making the total period of disability fourteen months. 

Case 12.— J. R., a man, aged 36, was injured on Dec. 31, 1927, when he 
fell from the top of an ice truck 20 feet to the pavement. He suffered considerable 
shock. The roentgenograms showed a severely comminuted fracture of the left 
femoral shaft in the subtrochanteric region. The lesser trochanter was completely 
separated from the shaft and displaced upward and posteriorly. The fragments 
were widelj^ separated. External measurements showed 2 inches of shortening. 
Russell traction was applied with 8 pounds of weight. Roentgenograms taken 
on Jan. 14, 1928, showed that shortening was only partially overcome and that 
fragments were still separated, so 3 additional pounds of weight was added. 
Roentgenograms taken on Februarj' 4 showed good alinement and apposition, so 
the extra weight was removed. On March 23, twelve weeks after injury, exami- 
nation showed firm union. Traction was removed, and the patient was fitted with 
a walking caliper splint and allowed to use crutches. On June 28, the caliper 
splint was discarded. The patient returned to light work on August 16, seven 
and one-half months after fracture. He complained of occasional pain in the 
left hip, and walked with a slight limp. Measurements showed about ^ inch of 
shortening. Extension of the knee was complete with 10 degrees impaired flexion. 
Flexion of the hip was impaired 20 per cent. Adduction and external rotation 
were slightly impaired. Other motions were normal. 

Case 13. — J. W,, a man, aged 33, was injured on June % 1929, when a large 
rock which was thrown into the air from an explosion fell on his left thigh, 
causing a compound fracture of the left femur. The roentgenograms showed a 
transverse fracture of the shaft at the junction of the middle and lower thirds 
with overriding of about 3 inches (7.6 cm.). The distal fragment was displaced 
posteriorly. Russell traction was applied with 8 pounds of weight. The wound in 
the thigh healed without infection. On June 26, the fracture was not reduced, the 
distal fragment remaining displaced posteriorly. On June 27, skeletal traction 
was applied to a Steinman nail which was passed through the upper part of the 
tibial shaft. Roentgenograms taken on July 28 showed good alinement and posi- 
tion anteroposteriorly but complete displacement posteriorly. There was no sign 
of callus formation. An open reduction was performed, and a band of muscle the 
thickness of one’s palm was found interposed between the fragments. An intra- 
medullary peg was inserted, and a body plaster cast applied. 

Case 14. — J. B., a man, aged 24, was injured on June 24, 1929, when a heavy 
piece of lumber was “kicked back” by a rip saw and struck his right thigh. He 
suffered moderate shock. The roentgenograms showed a comminuted fracture of 
the shaft of the right femur at the junction of the middle and lower thirds. There 
was overriding of about 2 inches. The leg was manipulated without anesthesia 
and placed in Russell traction with 8 pounds of weight. Roentgenograms taken 
on July 24, in the anteroposterior plane, showed good position and alinement. 
Lateral views showed continued posterior displacement of the distal fragment 
with about inch of overriding. There was a fair amount of callous formation. 
Callus continued to form, but no union occurred. The case was considered one of 
delayed union. The patient was given calcium and viosterol. On December 11 
as there was no union, an open operation was performed. A large band of muscle 
libers was found between the ends of the bone. This band was liberated, and an 
intramedullary inlay placed. Recovery was uneventful. 
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Case IS.— J. C., a man, aged 39, was injured on June 4, 1928, when a derrick- 
on which he was working collapsed and he fell 20 feet to the ground. Examina- 
twn showed a fracture of the left femur and fracture of the left ninth and tenth 
ribs. The roentgenograms showed a markedly comminuted pertrochanteric frac- 
ture, the main line of fracture running obliquely from a mesial point just above 
the lesser trochanter to the outer side of the shaft below the greater trochanter. 
The lesser trochanter was completely detached and comminuted. There was a 
secondary line of fracture running longitudinally through the greater trochanter. 
There was a marked coxa vara deformity. Measurements showed the leg to be 
shortened 2^2 inches. Russell traction was applied with 8 pounds of weiglit. 
Examination on August 24, eleven and one-half weeks after injury, showed firm 
clinical union, so traction was removed. The roentgenograms showed good aline- 
ment and position with bony union. A caliper splint was applied, and the patient 
was given physical therapy. On Jan. 9, 1929, he discarded the caliper splint. On 
March 1, nine months after injury, he returned to work. He walked with a slight 
limp. Measurements showed ^ inch of shortening. Motion in the left hip was 



Fig. 14 (case 15), — Roentgenograms taken on; 1, June 4, 1928; 2, Aug. 24, 1928, 

normal, except for SO per cent impairment of internal rotation. The left knee 
showed complete extension with 10 per cent impaired flexion. Itlotion of the 
ankle was normal. 

Case 16. — K. K., a man, aged 34, was injured on March 12, 1929, when come 
125 pound (56.7 Kg.) sacks of potatoes fell on his left thigh. He sustained a frac- 
ture of the left femur. He was taken to another hospital where he was treated by 
traction for ten days without success. Open operation was done on J.farch M, a 
Lane plate being used. A cast wms applied; it w'as removed on April 23, am 
patient %vas allowed to use crutches. Increasing deformity resulted. He was trans 
ferred to the Golden State Hospital on May 14. The roentgenograms shone an 
transverse subtrochanteric fracture of the left femur. The fragments 
to-end position, but there was marked ouUvard and backward bowing. ic 
plate was present, but the screws were pulled loose. There was a fair amoi 
callus. [Measurements show-ed 1 inch of shortening. Traction was app ic 
pounds of weight. Examination on June 24 showed firm union, 
removed. Roentgenogiams showed good alinement and position. * 
of both legs showed equal length, ilotion of the ankle was norma . 
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showed full extension, with 20 per cent impaired flexion. The patient was referred 
to the physical therapy department. He began weight-bearing on August 8- He 
returned to work on Jan. 1, 1930, nine and one-half months after the accident. 
There was slight atrophy of the muscles. Measurements of the legs show'ed equal 
length. Motion of the hip, knee and ankle was normal. 

Case 17.— G. AI., a man, aged 57, was injured on Aug. 27, 1928, Avhen he fell 
from a ladder 7 feet to a concrete floor. He sustained a fracture of his right 
femur. The roentgenograms showed an intertrochanteric fracture with impaction 
near the base of the lesser trochanter and formation of moderate coxa vara. The 
inferior and posterior portion of the lesser trochanter was avulsed. External 
measurements showed 1 inch of shortening. Russell traction was applied. Exami- 
nation on October 23, nine w'eeks after injury, showed firm clinical union, so 
traction was removed. Roentgenograms revealed apparent bony union. At the 
end of ten days, roentgenograms revealed no recurrence of the deformity, so the 
patient was allowed to use crutches but he was not permitted to bear weight. He 
returned to work on April 1, 1929, eight months after injury. Examination showed 
that he walked with a limp, although measurements showed equal length of the 
legs. Slight muscular atrophy was present. Motion of the knee and ankle was 
normal. Internal rotation of the hip was impaired 20 per cent, with 20 per cent 
impaired flexion. 

Case 18. — M. N., a man, aged 65, was injured on Dec. 5, 1929, when some 
scaffolding on which he was standing broke and he fell 14 feet to the pavement. 
He sustained a fracture of the right thigh and right forearm. The roentgeno- 
grams showed a pertrochanteric fracture of the femur with the greater trochanter 
avulsed and displaced slightly posteriorly. The line of fracture extended down- 
ward through the center of the shaft for a distance of about 1 inch beyond the 
lesser trochanter. There was moderate impaction of the fracture with slight 
external rotation of the distal fragment and varus deformity. Measurements 
showed 1 inch of shortening. Russell traction was applied with 8 pounds of 
Aveight. Examination on March 1 showed firm clinical union. The roentgeno- 
grams showed apparent bony union. Traction was removed, and the patient was 
allowed to remain in bed. Roentgenograms taken at the end of ten da}"s showed 
no recurrence of the deformity, so the patient Avas alloAved to use crutches but 
Avas not alloAA'ed to bear Aveight. Aleasurements showed the right leg to be 35 
inches in length, and the left, 35l4 inches. Motion of the ankle Avas normal. 
E.xtension of the knee Avas complete, Avith flexion of 113/127. On August 1, the 
patient A\'as bearing Aveight on his foot. The hip showed 40 per cent impairment 
of flexion with moderate impairment of internal rotation. Alotion of the knee 
Avas practically normal; that of the ankle, normal. Measurements shoAA'ed kt inch 
of sliortening. Further disability Avas estimated at from three to four months, 
the total period of disability from the time of injury being about one year. 

Case 19.— J. B., a man, aged 52, Avas injured on April 1, 1929, Avhen he fell 
through an opening in a floor about 20 feet, landing on the pavement. The roent- 
genograms shoAced an intertrochanteric fracture of the left femur. There u^as 
moderate separation of the line of fracture at the upper margin of the greater 
trochanter Avith impaction near the base of the lesser trochanter. There AA-as 
considerable inward displacement of the entire shaft Avith the production of 
moderate coxa vara deformity. Aleasurements shoAved inches of shortening. 
Russell traction Avas applied Avith 8 pounds of Aveight. Examination on June 10, 
nine AA-ccks after the accident, shoAved firm union. The roentgenograms shoAved 
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excellent position and alinement with evidence of bony union. Traction was 
removed. The patient remained in bed until June 24, when roentgenograms 
showed no recurrence of the deformity. He was allowed to use crutches and was 
referred for physical therapy. Roentgenograms taken July 15, showed complete 
obliteration of the line of fracture. The patient began to bear weight in August, 
1929. He discarded his crutches on October 15, and was able to return to work 
on Feb. J, 1930, ten months niter the accident. Examination showed the limbs 
to be equal in length, the patient walking without a limp. Function of the knee and 
ankle joints was normal. There was slight limitation of internal rotation and 
flexion of the hip, but no apparent muscular atrophy. 

Case 20.— A. V., a woman, aged 73, was injured on Oct. 15, 1929, when she 
fell in the dark over a chair and struck her left hip on the floor. She was 
immediately disabled and lapsed into a state of profound shock. The roentgeno- 
grams showed an impacted avulsion fracture of the greater trochanter of the left 
femur and an oblique intertrochanteric fracture with the fracture line e.xtending 
into the shaft of the femur for 1 inch beyond the lesser trochanter. The shaft 
rotated externally. Measurements showed 54 ^i^ch of shortening. Russell traction 
was applied with 8 pounds of weight. Roentgenograms taken on October 20 
showed an improvement of position and alinement. kleasurements of both 
extremities were equal. The patient, however, failed to rally; she died on 
November 9. 


Case 21. — A. D., a woman, aged 60, was injured on JiJarcli 10, 1930, when an 
automobile in which she was riding turned over as a result of a blowout of a tire. 
She was taken to a nearby hospital where temporary splints were applied ; then she 
was transferred by ambulance to the California Hospital, Los Angeles. E.vainina- 
tion showed marked deformity, swelling and false motion at the junction of the 
middle and upper thirds of the left thigh. There was 1^4 inches of shortening. 
The patient was suffering from chronic bronchitis. Roentgenograms taken March 
11 showed: (1) a markedly comminuted fracture of the upper third of the left 
femur with complete displacement (the upper fragment was displaced inward 
and posteriorly) and (2) transverse fracture of the lower one third of the left 


femur with slight inward and posterior displacement. 

Temporary splints were used until March 15, when the patient was transferred 
to her home, where the limb was placed in Russell traction with 8 pounds of 
weight. Clinical examination on May 29, eleven and one-half weeks after injurj, 
showed firm union, so traction was removed. Motion of the ankle was normal. 
Extension of the knee was complete; there was 80 degrees of flexion. The pate! a 
was free. Measurements showed 54 Mch of shortening. On June 10, the patient 
was allowed up in a wheel chair, no recurrence of deformity haring occurrcc. 
She was given crutches on June 21, and began light weight-bearing. Tlexion o 
the knee was 112 degrees. On July 12, she walked with one crutch anr 
There was no pain at the site of the fracture. Flexion of the knee ^ 

degrees. On August 1, about five months after injury, the patient was ua a » 
■without support and doing regular housework. iMotion of the an ' e, 'nee a 
hip w’as practically normal. There was slight edema of the log an an 
left limb rvas 54 inch short, but the patient walked without a bmp. 

Case 22.— E. B., a man, aged 21, was injured on Aug. 12, 1930 when ^2' 
from the roof of a four story building and fell to the grounc • ^ ‘ 

fractures of both wrists, fracture of the transverse processes o 
second lumbar vertebrae, together with a fracture of t ie e t ' . 

tion of the femur showed deformity, loss of function anc acu e e c 



Fig. 15 (case 21). — Roentgenograms taken on j\Iarch 11 and June 21, 1930, 
respectively. 



Fitr. 16 (ca^e 22) -Roentgenograms taken on: 1 . Aug. 12, 1930. showing de-ree 

unuTrTdTV' ■■ impaction v.ith outvard'and 

lurflf proximal fragment; J. August 16. shoeing almost 

] truct po'ition and almement. 
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sure in the region of the greater tuberosity. The greater tuberosity moved with 
the femur on rotation, and no crepitus was obtained. l^Ieasurements showed 
inches of shortening. Roentgenograms taken om August 12, showed a complete 
transverse pertrochanteric fracture of the left femur. The upper fragment was 
impacted into the lower. There was moderate diminution of the angle between 
the neck and the shaft. The patient was congenitally syphilitic. 

Russell traction was applied with 8 pounds of weight with the limb in about 
10 degrees of abduction. Roentgenograms taken on August 15 showed that the 
impaction had been entirely reduced. There was considerable outward and upward 
displacement of the proximal fragment. The limb was placed in 40 degrees 
abduction, the same amount of weight being used. Roentgenograms taken on 
August 16 showed almost perfect position and alinement. 

Two patients with fractures of the acetabulum were treated b}^ the 
Russell method,. 6 pounds of weight being used; excellent results were 
obtained. This method was also employed on a child, aged 5, wlio 
had sustained a complete fracture of the left innominate bone with 
marked upward dislocation. Four pounds of weight was used, the dis- 
location was overcome, and a perfect result was obtained. 

COMMENT 

Twenty-one cases of fracture of the femur are reported. In case 3, 
a fracture of both femora was sustained; in case 21 a double fracture 
of the femur, so that the total number of fractures treated were twenty- 
three. Ridgely and Bongardt® reported the successful treatment of 
intracapsular fractures of the neck of the femur by this method, also 
epiphyseal separation of the lower end of the femur. Ryan - stated that 
the method is ideal for elderty patients who have sustained a fracture 
of the neck of the femur and in whom the Whitman reduction is not 
advisable. 

Intertrochanteric Fracture . — Three patients with intertrochanteric 
fracture were treated, all over 50 years of age. The only mortality 
occurred in this group. The line of fracture followed the anterior 
oblique line, connecting the two trochanters. There was moderate 
impaction, the displacement consisting in flattening of the angle ma c 
by the neck of the shaft and resulting in the production of a coxa vara 

deformity. _ _ . 

The average period of traction was nine weeks, with hospitalization 
of twelve and one-half weeks. It was not necessary for the patients 
to wear supporting caliper splints. They began to bear \yeigbt o 
months after injury. The average period of disability was nine inon 
The limbs were equal in length. Slight muscular atroph)'’ uas pre 

3. Ridgely, I. O., and Bongardt, H. F.: Treatment of Fractures 
Femur by the Hamilton Russell Method Traction, Am. J. Surg. /-ar - 
1929. 
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Motion in the ankle and knee joints was normal. In one case, there was 
slight limitation of internal rotation and flexion at the hip. 

Pevti'Ochaiitcyic Fractures. — Two patients with pertrochanteric frac- 
tures were treated. The line of fracture passed more or less trans- 
versely across the upper end of the femoral shaft, beginning on the 
mesial side above the lesser trochanter and terminating on the outer side 
below the great trochanter. The lesser trochanter was either attached 
to the distal fragment or was torn loose and formed a third fragment. 
Comminution was present, with moderate coxa vara deformity. In those 
cases in which the lesser trochanter is fractured and displaced, the 
Russell method is ideal, as the limb can be immobilized in a position of 
flexion and slight internal rotation, and relaxation of the detached 
ileopsoas muscle thereby obtained. 


Table 4. — Results tit Cases of hitertrochanterlc Fracture 


Case 

17 

19 

20 

Age 

57 

52 

74 

Traction 

9 weeks 

9 weeks 

Fatal 

Hospital 

12 weeks 

13 weeks 

Disability 

8 months 

10 months 


Table 5.- 

-Results tit Cases of Pertrochanteric Fracture 

Case 

Age 

Traction 

Hospital 

Disability 

15 

39 

11 % weeks 

14% weeks 

9 months 

IS 

63 

12 weeks 

16 weeks 

12 months 


The average period of traction was twelve weeks, with hospitaliza- 
tion of fifteen weeks. Disability extended for ten and one-half months. 
The resulting shortening was Yi and 34 inches, respectively. In both 
cases there was some limitation in the motion of the hip. Case 15, in 
which the lesser trochanter was separated from the shaft, showed an 
approximate 50 per cent loss of internal rotation. In this case there 
was severe comminution, and a caliper splint was used for four months 
after traction was removed. 

Fractures of Proxiuial End Shaft of Femur . — Seven patients with 
this type of fracture were treated. In the majorit\- of cases, the short 
]>roximal fragment was flexed and externally rotated. Those of the 
subtrochanteric t 3 'pe also showed some abduction. The longer distal 
fragment lay posteriorly and was drawn downward. The Russell type 
of traction tends to overcome the shortening and to lift the distal frag- 
ment and bring it into proper relation with the proximal one. If the 
upper fragment is abducted, the entire limb may be swung into 
abduction as well as being flexed and extended. A direct pull without 
abduction, however, tends to give the maximum restoration of alinement. 
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It was possible to reduce all these fractures. The average period of 
traction was twelve weeks; of hospitalization, fifteen weeks, and of dis- 
ability, nine months. Healing was prolonged in case 5 due to a 
syphilitic infection. In case 9 there was severe comminution, and con- 
valescence was prolonged by cardiac and renal disease. In three cases 
it was necessary to give added support with a caliper splint after traction 
was removed. Four cases showed some shortening — two % inch and 
two >4 inch. Motion of the ankle was normal. Case 9 showed 10 per 
cent loss of flexion of the knee due to prolonged immobilization together 
with interference of normal quadriceps function by the formation of 
new bone at the site of the fracture. In the same case there was con- 


Table 6. — Results in Cases of Fracture of the Proximal End of the Femur 


Case 

Age 

Traction 

Hospital 

Disability 

1 

17 

9% weeks 

12 weeks 

9 months 

3 

19 

8 weeks 

10 weeks 

C months 

5 

31 

14 weeks 

16 weeks 

9 months 

9 

58 

23 weeks 

26 weeks 

14 months 

12 

36 

12 weeks 

15 weeks 

7% months 

16 

34 

6 weeks 

10 weeks' 

on montlis 

21 

60 

11% weeks 

Home 

5 months 


Table 7. — Results in Cases of Fracture of the Middle Third of the Femur 


Case 

Age 

Traction 

Hospital 

2 

54 

9 weeks 

12 weeks 

3 

19 

8 weeks 

10 weeks 

6 

19 

8 weeks 

9 weeks 

7 

25 

13 weeks 

16 weeks 

S 

22 

9 weeks 

12 weeks 

10 

63 

12 weeks 

14 weeks 

14 

24 

Unable to reduce 



Disability 
7% months 
6 'months i 
5 % months 
10 months 
g months 
S months 


siderable stiffness at the hip joint, where the lesser trochanter had been 
comminuted and detached. 

Fractures of the Middle Third of the Shaft of the Fciimr.—Seven 
patients with this type of fracture were treated. The displacement ler 
did not depend as much on the muscular action as on the direction a 
action of the fracturing force. The distal fragment was usua \ p 
terior to the upper one. Outward angulation was seen uhen tie 
of the fracture remained in apposition; inward g 

lower fragment was seen when the ends had slipped y. n 
for the traction method here were to overcome shortening, an ‘ ^ ^ 
side traction if lateral angulation Avas present. This 
disposition toward posterior sagging at the site of fracture. 

In one of these cases it was not possible to reduce the 
subsequent open operation showed interposition o muse es . 

fractured ends. The average period of traction was nine ueck.s. 
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twelve weeks of hospitalization. The period of disability averaged se^en 
and one-half months. It was necessary for three of the patients to wear 
calipers for two and one-half months after the traction was removed. 
Two cases resulted in Y 2 inch of shortening. In three cases there was 
slight residual impairment of flexion of the knee, the maximum being 
15 degrees in case 7 in \vhich the period of immobilization was pro- 
longed. Motion of the hip and ankle was normal. 

Fractures of the Distal End of the Femur . — Four patients wdth this 
type of fracture were treated. The lower fragment here was tilted 
posteriorly by the action of the gastrocnemius. The distal end of the 
upper fragment showed a tendency to pass dowmvard and forward 
toward the patella. None of the patients showed injury to the popliteal 
vessels, but one did show injury to the external popliteal nerve, as evi- 
denced by inability to dorsiflex the foot or extend the toes, together 
until numbness over the dorsum of the leg. The Russell method in 


TABLr. 8. — Results in Cases of Fracture of the Distal Third of the Fentur 


Case 

Ago 

Traction 

Hospital 

Disability 

4 

IS 

11 weeks 

14 weeks 

8 months 

n 


2S weeks 

SI weeks 

14 months 

1,3 

33 

Unable to reduce 



21 

CO 

nt4 uceks 

Home 

5 months 


these types of fractures overcomes the shortening and tends to correct 
the liackward rocking of the lower fragment by flexion of the knee, 
thereliy relaxing the gastrocnemius muscles. 

In one of these cases the fracture was not reduced, owing to the 
interference of soft tissues. Case 4 resulted in inch of shortening, 
but ivith normal function. In case 11 union was delayed, but normal 
function without shortening resulted. 

The average amount of weight used in the reduction was 8 pounds, 
this being sufficient except in two cases in which it was necessary to 
add 3 pounds. In four cases side traction with 3 pounds was applied 
to overcome inward bowing. Posterior bowing was success full}- pre- 
vented in all cases by the use of a soft pillow, which was placed 
immediately under the thigh at the site of fracture. 

The duration of traction for all types of fractures of the femur 
averaged nine weeks, the shortest was eight weeks. Two cases of 
delated union were seen in which firm clinical healing did not take place 
until after twenty-three and twenty-eight weeks, respectivelv. Both of 
these patients were treated with calcium and viosterol. In one case that 
wa^: complicated by a syphilitic infection, antisyphilitic treatment was 
given and firm union occurred after fourteen weeks. 
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comfortable position of the limb with a minimum of weight whereby 
the equilibrium of the muscle is restored; with this restoration of muscle 
tone and position, the fractured ends of the bone will fall into a more 
or less natural alinement, provided there is no interposed tissue. One 
must bear in mind that an absolute restoration of anatomic position is 
not necessary for a good functional result. I have used the method as 
described by Russell with practically no change. The apparatus, its 
aj^plication and the after-care of the patient have been described. The 
results have been anal 3 ^zed and the following deductions drawn : 

1. The Russell method of traction is the method of choice in treating 
all types of fractures of the femur from the intertrochanteric to the 
lower epiphyseal regions. 

2. It gives satisfactory position and alinement in all cases, except 
when muscle is interposed between the fractured ends. 

3. It gives a minimum of permanent changes in the joint as com- 
pared with other methods. 

4. The average period of traction in fractures of the femur is nine 
weeks, of hospitalization twelve weeks and of temporary disability nine 
months. 

5. The method is inexpensive, easy to apply, comfortable to the 
patient and materially simplifies nursing care. 



PAGET’S DISEASE 

A PREDISPOSING FACTOR TO OSTEOGENIC SARCOMA* 
BRADLEY L. COLEY, M.D. 

AND 

GEORGE S. SHARP, M.D. 

NEW YORK 

The frequent association of Paget’s disease and osteogenic sarcoma 
in patients over 50 years of age has attracted the attention of other 
observers. Our interest was aroused because of three cases recently 
coming under our observation, and a careful study of the subject 
was undertaken. We would reiterate Codman’s ^ suggestion that such 
cases deserve a separate division in the Registry classification 
because of their different clinical features. It seems to us also that 
this group may be important in giving a clue to one of the etiologic 
factors of osteogenic sarcoma. We know of no instance of the develop- 
ment of a benign giant cell tumor or endothelial myeloma occurring 
in a bone that was the site of a preexisting Paget’s disease. 

For a clear understanding of the problem, it has seemed advisable 
to summarize briefly some of the known facts concerning Paget’s disease. 


DESCRIPTION OF OSTEITIS DEFORMANS 

Sir James Paget,- in 1877, first described the disease that bears 
his name. It is apparent that it is a constitutional disease, although 
it may manifest itself in a single bone; it more commonly involves a 
number of bones, and of these the skull is a favorite site. The condi- 
tion is considered rare, although most Avriters agree that it probabl} 
occurs more frequently than is generally recognized, for it seems Hkeli 
that it is often overlooked, especially when it attacks only the skull. 


ETIOLOGY 

While its etiology is still unexplained, numerous theories haAC been 
adA’^anced. Arterial changes in the A'essels of the extremities are otteu 
found, but as the disease occurs in persons of adr'ancing a ears, 1 
symptom may^ be of little significance. Probably the most enoa^' 
theory'^ is that it is due to a defective metabolism of calcium, lai 


* Submitted for publication, Dec. 12, 1930. 

*From the Department of Bone Tumors. IMemorial Hospita . 

1. Codman, E. A.: Personal communication. 

2. Paget, James: ^r. Chir. Tr. 60:37, 1877; Illust. M. News 2:181, L- • 
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its underlying basis a faulty function of the parathyroid glands. Much 
recent work has tended to show that cases of von Recklinghausen's 
disease (osteitis fibrosa cystica) are associated with a high rate of 
ex'cretion of calcium, and in a number of instances abnormal changes 
have Ijeen noted in tlie parathyroid glands. The similarity, in many 
respects, of Paget’s and von Recklinghausen’s diseases leads one to 
the view that both may have their origin in some disorder of the parathy- 
roids as yet little understood. Further investigation is needed along 
tliese lines and may be productive of real information ; moreover, it is 
not ijeyond the bounds of reasonable hope that endocrine therapy may 
offer something of value in the treatment for osteitis deformans, an 
achievement not hitherto attained. 

GROSS APPEARAKCE 

The changes in the l)one seen in Paget’s disease are characteristic 
and are the result of a combination of destruction of bone and forma- 
tion of new bone. The latter, however, does not consist of normal 
bone, but of osteoid tissue. Changes in the shape, size and structure 
of the bone occur. The medullary cavity is encroached on, and in 
advanced cases it is often impossible to state where the cortex ends 
and the medulla begins. The skull, spine and the long bones of the lower 
extremity are mo.st frequently affected. The microscopic pathology 
will be considered in some detail when the association with osteogenic 
sarcoma is discussed. 

SYMPTOMS AND SIGNS 

Bowing of the lower extremities occurs, due to the effect of the 
bearing of weight, and the resulting deformity is one of the character- 
istic features of the disease. In other cases, however, the increase 
in the size of the head is the first symptom noted. Pain in the legs 
is an inconstant and often transitory symptom; it may disappear 
entirely as the disea.se progresses. Fractures sometimes occur in bones 
affected by the changes of Paget’s disease, but union generally results. 
One of us has observed two cases in which there were fractures of 
the tibia aiul one case showing fracture of the humerus, with healing 
in each instance. 

DIAGNOSIS 

1 he diagnosis is not difficult if the condition is suspected and 
roentgenograms arc made, liccause the changes in the bone as revealed 
by x-ray films arc rather characteristic. Occasional cases of metastasis 
to l.nne fnxn carcinoma arc seen in u-Iiich the picture of Paget’s disease 
is closely simulated : of these, prostatic carcinoma is apt to be the 
most contusing. In the .absence of a demonstrable primary growth 
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elsewhere, the diagnosis of Paget’s disease is rendered more certain. 
While typical cases of osteitis deformans are readily distinguishable 
from typical cases of osteitis fibrosa cystica, there are certain borderline 
cases in which the distinction may be difficult. Roentgenograms of a 
typical case of osteitis deformans showed marked osteosclerosis and 
osteoporosis in adjacent areas. The degree of osteosclerosis that follows 
the porosis varies considerably in individual cases. 

Garland ® concluded that the two conditions are histologically and 
anatomically identical. While this may be true, when one analyzes 
the histogenetic process involved, one finds that in both instances there 
is a fibrous proliferation with formation of new bone and, therefore, 
a process of repair or healing. These factors seriously attack the 
claim of osteitis fibrosa to consideration as a pathologic entity. This 
same process is also found about the walls of abscesses, bits of capsule 
from central sarcoma of bone, or secondary metastatic tumors and 
periosteum overlying ossifying hematoma, which further emphasizes it 
as a process of repair or a defensive reaction of both cancellous and 
cortical bone, as well as of the periosteum. The persistence of cystic 
formations both in Paget’s disease and in osteitis fibrosa cystica (single 
and multiple cysts of the bone) is due to the difficulty that nature has 
in collapsing a cavity with rigid walls. 

While the etiology of Paget’s disease is unknown, there is certainly 
a different process at work in this disease than that in osteitis fibrosa 
cystica. In 2 per cent of the cysts of the bone, the destructive process 
of the bone was found to be stimulated by foreign bodies; in 20 per 
cent, rather loosely classed as osteitis fibrosa, some primary disease 
such as osteomalacia, fragilitas ossium or disturbances of the para- 
thyroid gland with rarefaction and the formation of cysts in the bones 
has been responsible for the reaction of the bone. In 78 per cent, 
representing solitary cysts of the bone, a definite relation has been 
established between cyst of the bone and giant cell tumor. (These 
figures are supplied by Dr. Copeland from records at Bloodgoo 
Clinic.) 

Osteitis deformans occurs in patients who have reached middle 
late life and presents an entirely different prognosis and 
treatment than that presented by osteitis fibrosa C3’^stica, whici 
for the most part before the twentieth year, frequently ^ 
neous remissions and is often cured by pathologic fracture or s^^ 
intervention. Paget’s disease is progressive and up to the pre.- 
has been found unresponsive to anj'^ form of treatment. 


3. Garland, L. H. : Am. J. Roentgenol. 22:517 (Dec.) 1929. 
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It is our belief that if roentgenograms of the skull were made more 
generally of patients over 50 years of age it would be found that 
osteitis deformans is much less rare than it is thought to be. We now 
make it a practice to obtain films of the skull on all patients in the Bone 
Tumor Clinic over the age of 50. As mentioned previously, there 
has as yet been no accepted specific treatment for Paget's disease. 


pagePs disease associated with sarcoma of the bone 

In his earliest communication conceniing the disease that bears his 
name, Paget mentioned the tendency in patients with osteitis deformans 
to develop neoplastic conditions. In his twenty-three personally observed 
cases, we learn from a subsequent report that of the eight patients who 
were traced to their deaths, malignant diseases developed in no less 
than five. 

Delafield * maintained that the incidence of sarcoma among patients 
with Paget’s disease is no greater than in any group of persons of the 
same age. This is contrary to the opinions of the majority of observers 
and it seems to be now firmly established that, at least as regards the 
occurrence of osteogenic sarcoma, Paget’s disease is a predisposing 
factor. 

Packard, Steele and Kirkbride ® reviewed the literature up to 1901 
and collected 66 cases of undoubted osteitis deformans in which there 
was an associated sarcoma in 5, or 7.5 per cent. DaCosta,® in 1914, 
assembled 213 cases in which sarcomatous diseases of some form devel- 
oped in 9.5 per cent. Gruner, Scrimger and Foster ‘ reported that in 
about 9 per cent of their cases of Paget’s disease this condition was 
associated with sarcoma. 

^\hcn a condition as relatively rare as Paget’s disease comes to be 
associated with a second condition as uncommon as osteogenic sarcoma, 
one cannot but seriously consider that this association is more than 
one of mere chance or coincidence. In one year Camp ® observed 2 
cases of sarcoma in Paget’s disease at the Massachusetts General Hos- 
pital. Locke® found that 4 of his 65 patients with osteitis deformans 
had osteosarcoma or fibrosarcoma (6.2 per cent). 

4. llelalicUl, in Delafield and Pruddcn; Textbook of Pathology, ed. 14, Xew 
1 ork, \t illiain Wood & Company, 1927, p. 447. 

0. Packard, F. A.; Steele, J. D., and Kirkbride, J. S. : Am. T. M Sc 122’ 
202, 1901. 


4 D.-iCosta, J. C, ; Funk. E. H.; Bergeim, O., and Hawk, P. B. : Pub. Tef- 
ler.vou M. Coll. & Hosp. 6:1, 1915. 

/. Gruner. O. C. : Scrimger, F. A. C. and Foster. L. S.; Arch. Int. yied 
(June’s 1912. 


L Camp. J. D.: Radiolo.g>- 5:495 (Dec.) 1925. 

■■ l.ockc, b.. quoted hy Bird: Personal communication. 
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Bird"® studied the records of four large Boston hospitals Avith 
some interesting results. He was able to collect records of 64 patients 
with osteitis deformans, in 7 of whom (approximate^ 11 per cent) 
sarcoma occurred. He estimated that there is 1 case of Paget’s disease 
in eveiy 15,000 admissions to hospitals in Boston. This corresponds 
closely with the report of 1 in 10,000 at the Johns Hopkins Plospital; 
1 in 13,000 at Jefferson « Hospital, and 1 in 16,000 at the Mayo Clinic.^^ 
At the Peter Bent Brigham Hospital there were 15 cases of osteitis 
deformans in 45,000 admissions, or 1 in 3,000. This, Bird explained 
on the theory that a far larger percentage of patients in that hospital 
had roentgenograms taken (89 per cent). The disease is probably 
not as rare as the figures from the various hospitals would suggest. 
In the first place, many patients do not enter hospitals unless some 
complication arises and even then they may be classified on the records 
of the hospital according to the complication and not be indexed as 
having Paget’s disease. Moreover, as Bird stated, early examples of the 
disease are being constantly overlooked, especially when it is confined 
to 1 bone. 

Of the 9 cases of Paget’s disease in which there was an accom- 
panying sarcoma. Bird stated that 8 Avere fatal, the remaining case 
being untraced. The average duration of life after the first evidence 
of sarcoma was eight months; the shortest, two and a half months, 
and the longest one year. In 5 of these 9 cases, there Avas pathologic 
verification in the diagnosis of sarcoma. The duration of the Paget’s 
disease prior to the development of sarcoma is mentioned in 6 of' the 
9 cases. In 1 case, the period was three years ; in another, ten ; in 
another, eleven; in 2 cases, fifteen years, and in 1 instance, t\vcnt\ 
years. 

An interesting report of a case (Cabot,^^ case 12513) is that of a 
man, aged 43, with a history of pneumonia eight years before admission, 
followed by a painful condition of the left leg, Avhich AA^as noted during 
convalescence. A few months prior to admission the pain increased 
in severity. There had been an associated decline in the general healtli 
of the patient during the last few years. He AA^as admitted AAith a 
transA'^erse fracture of the distal portion of the neck of the left femur, 
Avhich occurred while he was at AA'^ork, but AAdthout aip histor} o 
Adolence, either direct or indirect. The Wassermann reaction AAas ncj,< 
tiA'e. Roentgen examination shoAA^ed eAudence of osteitis deformai 


10. Bird, C. E.: Sarcoma Complicating Paget’s disease of Bone; Rcpnrt^r^ 
Nine Cases, Five with Pathologic Verification, Arch. Surg. • 

11. Hurwitz, S. H.; Bull. Johns Hopkins Hosp. 24:263 

12. Carman, R. D., and Carrick, W. M.: J. Radiol. 2:/ (• P'"' 1 

13. Cabot: Boston M. & S. J. 195:1215 (Dec. 23) 1926. 
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the left femur, skull, dorsal spine, ribs, scapula, clavicle and bones of 
the forearm. A pathologic fracture of the neck of the femur was 
treated by immobilization in a plaster spica, and later it became evident 
that there was a rapidly growing tumor involving the site of the 
fracture. Biopsy was performed, and roentgen therapy was adminis- 
tered. The patient lived eight months after admission to the hospital. 
Autopsy was performed and showed osteitis deformans and osteogenic 
sarcoma of the left femur with metastasis to the skull and brain. 

Von Albertini^'* described in minute detail the development of 
sarcoma in a case of Paget’s disease. His patient was known to have 
had osteitis deformans of the left femur and tibia for five years. The 
patient* subsequently developed a tumor of the femur for which ampu- 
tation of the thigh was performed. Examination of the Specimen 
showed that both the femur and the tibia were the seat of Paget’s 
disease and osteogenic sarcoma. The patient survived amputation but 
two months and exhibited evidence of metastasis to the liver and local 
recurrence in the stump at the time of his death. Autopsy revealed 
a thrombotic tumor in the left common iliac vein extending into the 
inferior vena cava, also metastases to the lungs, epicardium, bronchial 
and retroperitoneal lymph nodes, kidney and liver. Excellent photo- 
micrograjdis showed the histologic appearance of the osteitis deformans, 
prcsarcomatous changes in certain areas and, in other places, actual 
sarcoma. Von Albertini remarked that a long-standing osteitis defor- 
mans constitutes a prcsarcomatous condition. 

Gold described the case of a man, aged 63, who had broken his arm 
twcnty-tliree years and ten years previously ; there was a tumor destroy- 
ing from 8 to 10 cm. of the proximal portion of the humerus. Roentgen 
examination gave evidence of Paget’s disease. Histologic examination 
showed the saaxoma to be of the round cell type. 

Our study includes a total of 71 cases of osteogenic sarcoma in 
patients over 50 years of age. Twenty cases were collected from the 
records of the Memorial Hospital and 51 were from the Bone Sar- 
coma Registry. As shown in table 1, the association of osteogenic 
sircoma and Paget’s disease is relatively the same in the two series. 
J lie i)ercentage in the scries from the ^Memorial Hospital was 30 and 
in that from the Bone Registry it was 27.4, with a percentage of 28 
for the total number. Such a frequent association of two apparently 
dn^imdar diseases justifies a careful study of the features pre.sente"d 
in the diliercnt cases. 


5-^. %on .\11icrtini, Vircliows .\rch. f. p-ath. .-\nat. 268:239, 192S 
J-'. II.: Wien. med. Wchn=clir. 77:1700, 1927. 
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The cases of all patients over 50 years of age with osteogenic 
sarcoma were studied. As shown in table 2, the incidence of osteogenic 
sarcoma decreases in frequency in each half-decade age-group over 50 
years. The oldest patient with osteogenic sarcoma whose case was 
on record in the Bone Registry was 77 years of age, and in this patient 
the sarcoma was not associated with Paget’s disease. In the series 
fioni the Memorial Hospital there are no cases of Paget’s disease 
complicated by osteogenic sarcoma in patients under 50 years of age. 
This in itself is an important feature and it is further emphasized in 


Table 1. — Association of Osteogenic Sarcoma and Paget’s Disease* 


Memorial Bone Sarcoma 

,, , , Hospital Registry Total 

Aumber of patients over 50 years of age with osteogenic 

sarcoma 20 51 71 

Aunibcr of patients over 50 years of age with osteogenic 

sarcoma and Paget’s disease 6 14 20 

Percentage of cases with two diseases associated SO 27,4 2S.1 


* Case E. S. in the series from the Memorial Hospital is also included with the cases from 
the Bone Registry. 


Table 2. — Decrease of Frequency in Incidence of Osteogenic Sarcoma in Patients 

Over 50 Years of Age* 


Ages by Half Decades 

50 to 55 

55. to GO 

60 to 65 

65 to 70 

70 to 75 

75 and over... 


Patients with 
Osteogenic 
Sarcoma Alone 

18 

13 

8 

7 

5 

1 


Patients with 
Osteogenic Sarcoma 
and Paget's Disease 

1 

6 

5 

6 
2 
0 


* There are, however, four cases in the Bone Sarcoma Registry of L,'„n 

elated with Paget’s disease in patients under the age of .50. Three of the patients 
and one was a woman. Their ages were 35, 37, 42 and 47. 

table 2. In the half-decade age-groups, the highest percentage is found 
in persons between 65 and 70 years, in which six of the seven, or 85.7 
per cent, of the patients with osteogenic sarcoma had Paget’s disease. 
The percentages decrease above and below this peak. 

Osteogenic sarcoma appears slightly more common in men than in 
women (29 men, 22 women). This is substantiated by a series 
121 osteogenic cases studied by the authors in which there uere ^ 
men and 47 women. In the series with Paget s disease and osfeog 
sarcoma, men were affected over five times more freqiienti} t lan 
women (17 men, 3 women). This may be due to the act ^ 

diagnosis of Paget’s disease is made more often in men tiaii 
and, to a lesser extent, it may be due to the increased siiscep 
men to osteogenic sarcoma. 
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The sites of predilection of osteogenic sarcoma in the skeleton in 
patients over 50 years of age correspond closely to those found at 
any age except for the increase in frequency of involvement of the 
flat bones, as shown in table 3. Involvement of the scapula is par- 
ticularly common, appearing in nine of the fifty-one cases, although 
Paget’s disease was not associated in any of these cases. Approxi- 
mately 60 per cent of the osteogenic sarcomas of the tibia, humerus 
and ilium and 100 per cent of the cases of osteogenic sarcoma of the 
skull occurred on the basis of a preexisting Paget s disease. Therefore, 
in a patient over 50 years of age, presenting an osteogenic sarcoma 
of the skull, there is a strong probability of an associated Paget’s 
disease. 

In our scries, when Paget’s disease was present it was demonstrated 
!)}• roentgen examination in the bone involved by the osteogenic sarcoma, 

T.MiLi; Y—Localion of Primary Tumor 


Lone: Bones Bint Bones 



O’iteoKf'iilc snTooiniv in nil patients oyer 

years ol iiRe 2SSfi221111119522 

O^teoRfiilc snreomn mnl disense 

In patient® of tlio same ttroup over 

.Vi years of aftc C.’) 4000000000320 


and in no instance was the sarcoma found to affect a portion of the 
skeleton free from rocnlgenographic evidence of Paget’s disease. 

'I'he duration of Paget’s disease before the appearance of osteogenic 
.sarcoma is diflicult to determine either by the history or by the physical 
examination. The patient may have had Paget’s disease majiy years 
before attention was attracted to the insidious changes taking place, 
i his i.'; particularly true in women. However, Paget's disease is rarely 
reported in patients under 30 years of age and seldom in patients 
under dO or 45 years. This is important, as osteogenic sarcoma is not 
found to complicate Paget's tliscase until the age-group of from 55 
to 60 is reaclfcfl. It seem.®; lu'ghly probable that an interval of from 
ten to iilieen years is prc.sent between the final period for the onset 
of Paget's disease and the appearance of a complicating osteogenic 
'•areomn. In the histories we find tins partially substantiated. Onlv 
nve of the patients were aware of P.agct’s disease with its deformities, 
iwo of ibe®e gave a positive history of a duration of eight years; one. 
many year-"; one. ten years, and one. twenty years. One of 'these 
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patients was under our ■ observation for ten years with Paget’s disease 
and developed an osteogenic sarcoma at the distal end of the humerus. 
The question may be raised of the possibility of two or more osteogenic 
tumors arising on the basis of Paget’s disease in one patient. This was 
demonstrated in two patients in the series from the Memorial Hospital 
(cases 1 and 11). The assumption that the tumors were primary 
seems analogous to that of multiple independent squamous cancers 
arising on leukoplakia. Ordinarily, osteogenic sarcoma infrequently 
metastasizes to bone. 

DURATION OF LIFE 

The duration of life from the onset of the osteogenic sarcoma to 
death in patients with and without Paget’s disease is relatively the 
same in the group from the Memorial Plospital, as shown in table 4. 
In considering the total number of cases, one finds that patients with 

Table 4. — Duration of Life 


Memorial Hospital, 
Bone Registry 

Total 


Patients with 
Osteogenic 
Sarcoma 

A 

Average Number 
Number ot Months 

10 18.7 

23 26.3 

33 24.0 


Patients with 
Osteogenic Sarcoma and 
Paget’s Disease 
. ■■ > 

Average Number 
Number of Months 

4 IG.O 

11 

~l5 U.8 


osteogenic sarcoma and Paget’s disease die approximately ten months 
earlier than patients with osteogenic sarcoma alone. 

DIFFERENTIAL DIAGNOSIS 

Paget’s disease with an associated sarcoma must be distinguished 
from: (1) metastatic tumors of the bone (osteogenic sarcoma, the 
myelomas) ; (2) metastatic carcinoma of undetermined origin, espe- 
cially prostatic carcinoma; (3) Paget’s disease combined with syphilis 
of the bone or chronic infection, and (4) atypical cases of osteitis 
fibrosa cystica, multiple form, with the formation of giant cell tumors. 


HISTOLOGY 

The histologic picture of Paget’s sarcoma differs from that see 

in uncomplicated osteogenic sarcoma. It is of v 

the opinions of several of the pathologists on case 772 of the ej,L 
which is case 1 1 of the series from the Memorial Hospital. 

. . . one of the vagaries that occurs among the malignant cenarate 

ing in Paget’s disease. It seems to me that these cases s ion 
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division in the Registry classification, for they represent a different clinical entity 
from the usual osteogenic sarcoma. Some day this group may be particularly 
important in giving a clue to the origin of sarcoma. 

Another writes; 

This is not a typical osteogenic sarcoma. It belongs essentially among the 
variants of giant-cell tumors. It shows a great many giant cells, but many of 
these are mononuclear and hyperchromatic. The main cell is large and poly- 
hedral. There is much lymphocytic infiltration. In men over 50 years of age and 
especially in patients with osteitis fibrosa, giant cells tend to recur locally and 
become malignant. 

Five others simply report osteogenic sarcoma in Paget’s disease. 

The presence of giant cells in this tumor should not lead to the 
belief that the condition is benign. These giant cells differ from those 
found in epulis tumors. They are usually hyperchromatic and not neces- • 
sarily multinuclear. Their exact relation to Paget’s disease is not well 
understood. 

PROGNOSIS 

The 100 per cent mortality rate of patients with the two diseases 
may be explained on several grounds. In the first place, patients who 
are accustomed to the “growing pains” associated with Paget’s disease 
are not apt to seek medical advice as soon for a change in the 
character of the pain as patients with osteogenic sarcoma unassociated 
with Paget's disease; in the second place, the pathologic changes due 
to Paget’s disease may delay the onset of the pain from an osteogenic 
sarcoma, and last, osteogenic sarcoma arising in Paget’s disease may 
have more malignant qualities than this primary tumor of the bone 
in normal patients past middle life. 

In the group from the Memorial Hospital, irradiation was done 
in four of the six cases in which the two diseases occurred ; amputation 
was done in two cases, and in one case the disease was too far advanced 
for any treatment. Amputation was performed in twelve of the fourteen 
cases from the Bone Registry. We have been unable to find any record 
of a case of osteogenic sarcoma associated with Paget’s disease in which 
the patient has suvived a period of five years. 

TREATMENT 

It w'ould appear that some change from the ordinarily accepted 
methods of treatment is worthy of trial. In one of our cases (case 3), 
the patient was subjected to heavy external radiation by radium pack 
and exposure to high voltage x-rays, and amputation was performed 
about six months later. He received injections of the rhixed toxins 
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of ei'ysipelas and Bacillus prodigiosiis following operation. These injec- 
tions were given intravenously and were accompanied by severe 
reactions. 

It may be that the use of preliminary radiation and of treatment 
with toxin following amputation will prove less disappointing than 
amputation alone. 


REPORT OP CASES 

Case 1. — Osteogenic Sarcoma Complicating Paget’s Disease. 

History.~A man, aged 63, was admitted to Memorial Hospital on Aug. 26, 1928, 
The condition had begun nine months prior to admission with initial sj'mptoms 
of stiffness and pain in the left knee. Five months later, he noticed a swell- 
ing in this location. He was treated with baking and massage under the assump- 
tion that the condition was rheumatism, but no relief was obtained, the pain 
growing steadily worse and the swelling becoming progressively larger. Early in 
July he was admitted to the Hospital for Joint Diseases, where a diagnosis of 
Paget’s disease was made. There was no pain or swelling in any other part of 
the body; there was little loss of weight. There was no history of specific 
antecedent trauma. His immediate family history was negative for malignant 
diseases. He had been able to work steadily for about four months prior to his 
admission to Memorial Hospital. 


Physical Examination . — The patient was a wiry male, aged 63, well developed 
and nourished, although showing slight loss of weight. Examination of the 
head revealed several bony enlargements and irregularities of the skull. These 
were discrete on palpation, but not painful. There were several other smaller 
and more questionable areas. The pupils were equal and reacted to light and 
accommodation. The teeth were replaced by dentures. The gums were smooth 
and there were no ulcerations. The mucous membrane was normal. Tlie tonsils 
were enlarged, protruding into the pharynx; there was no apparent involve- 
ment. The tongue was normal. There were no enlarged glands in the neck. On 
inspection of the trunk, there was obvious distortion of the clavicles, more pro- 
nounced on the left side. The heart and lungs were essentially normal, c.xcept 
for some dulness in the base of the right lung with increased breath sounds and 
a slight systolic murmur transmitted toward the left axilla. The abdomen showe 
inguinal hernia on the right side. The rest of the examination gave negatne 
results. The examination of the extremities was of special interest. The c t 
upper extremity was apparently normal. The right elbow and lower part o tie 
humerus showed a distinct enlargement, which was diffuse and not sharpy on 
lined above. There was an enormous tumor of the lower part of the left t iig 
which entirely obliterated the anatomic markings of the knee. It occupi 
anterior and middle aspects of the lower part of the thigh and e.xtende css 
half way up the thigh. The skin was shiny and discolored in areas, ‘^1 

bluish red and blotchy in appearance. There was some dilatation o t le supe 
veins of the skin. The lower part of the leg was diffusely swollen, .^^ 1 , 

phatic and venous obstruction, and presented an appearance similar to e 
The lower part of the right leg showed a profound alteration o t ic no 
cutaneous outline of the tibia. There was the characteristic bon mg 
disease. On September 6, measurements showed that the circum er 
left limb at the patella was 2514 inches (64.095 cm.) and t lat o 
15)4 inches (38.175 cm.). 
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Roentgen examination of the femora, pelvis, spine, skull and chest revealed the 
characteristic features of Paget’s disease. A roentgenogram of the left knee 
revealed extensive destruction of the inner tuberosity of the humerus ^\ith cal- 
careous deposits in a huge soft mass. The Wassermann examination was negative. 

Clinical Diagnosis . — A clinical diagnosis of Paget’s disease with osteogenic sar- 
coma of the left femur and questionable metastasis of the right humerus was 
made. This was supported by the results of the roentgen examination. The dis- 
ease was so far advanced that amputation was felt to be out of the question. 



Tig. 1.— Sarcoma of the left femur. Paget’s disease is evident in the rieht 
tibia. 


i orcover, the tumor was so huge that toxemia from absorption of broken-down 
tumor tissue was about all that could be reasonably expected to result from treat- 
ment with x-rays or with radium. Therefore, no treatment of any kind was 


Laboratory E.Yanunation.~i:hc Wassermann test of the blood was negative. 
T le urine showed traces of albumin and casts. The blood count on admission 
w'ns: hemoglobin, 55 per cent; red blood cells, 2,720,000; white blood cells 10000- 
polymorphonuclears, 81 per cent. Xo abnormal cells were noted. ’ ’ ’ 

the broo'd!'®^”'^ '''''' centimeters in 
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Comment.~Tht histologic report in this case is of interest, showing 
as it does stages coexistent in the bone marrow ranging by gradual 
gradations from simple chronic inflammatory changes into definite osteo- 
genic sarcoma. The fact that five months elapsed in this case between 
the initial pain and the development of a swelling emphasizes the 
importance of early i oentgenologic examination in persons with per- 
sistent pain in the hone. It is worthy of note that a diagnosis of 
Paget’s disease was not made until the patient already had an osteogenic 



Fig. 2. — Roentgenogram showing sarcoma of the left femur. 


sarcoma. It would seem to be important to caution the members o 
the medical profession concerning the need for careful obsenation i 
all persons with Paget’s disease because of the potential danger o 
subsequent development of an osteogenic sarcoma. 

Case 2. — Osteogenic Sarcoma of the Loiuer Part of the Right Tibia Co t 
eating Paget's Disease. 

History.^ A man, aged 68, was admitted to Ivlemorial Hospita on Jt j 
1927. In February, 1924, he had sustained an injury to Ins bacK anu 
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automobile accident and remained in bed for ten weeks. During that time he 
noticed swelling, pain and discoloration of the upper third of the right tibia, in 
March, 1925, one year after the accident, a biopsy was done and the^ pathologic 
report showed a malignant tumor of the bone on the basis of a preexisting Paget s 
disease. Amputation was performed shortly thereafter. About two 3 'ears elapsed 
without symptoms and in May. 1927, he was rekrred to us with symptoms of 
severe pain in the right forearm and total disability of the arm. 

Physical Examination . — Examination showed a man in rather poor general 
condition Examination of his lungs disclosed crepitant rales over both sides of 



Fig. 3 —Gross appearance of the tumor (autopsy). 


the chest posteriorly, especially at the base. This condition did not disappear on 
coughing Tiiere were many small pigmented areas of skin on the back. The 
right leg had been amputated at the junction of the middle and upper thirds with 
no local recurrence. There was swelling of the right forearm more marked on 
the ulnar aspect. 

Roentgen examination on July 20 showed extensive destruction of the upper 
half of the right humerus and the upper half of the ulna. 

On June 11, a roentgcnographic report had showed no evidence of metasfa<^i« 
to the chest. “u-iasiasis 


Trcatment.—lht patient was given radium element pack for 25,000 millicurie 
loiir-: at a distance of 10 cm over the right forearm posteriorly, and one exposure 
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of high voltage x-rays. The upper half of the right humerus also received one 
treatment with high voltage x-rays. Thirteen injections of the mixed toxins 
were also given. The treatments were not followed by any demonstrable improve- 
ment and the patient was discharged on July 28, after a five weeks’ stay in the 
hospital. He died one month later. 

Cas-c 2.— Osteogenic Sarcoma of the Left Humerus Complicating Paget's Dis- 
ease. 

Histoi y. A man, aged 57, about two months prior to admission began to have 
pain in the left shoulder, which he attributed to a sprain in the course of his occu- 



Fig. 4. — Roentgenogram of the tibia of a patient with Paget s disease aiic 
osteogenic sarcoma, with the later development of a second osteogenic sarcoma 
of the ulna. 

pation as a chauffeur of a passenger bus. He rubbed the painful 
ment and later consulted a doctor for another condition, casuallj mentioning 
pain in his shoulder. Roentgen examination was then made, and a laoUOS 
probable sarcoma of the humerus was rendered. No mention as^ ^ nomids 
time of Paget’s disease. There had been a loss in weight of from a o ^ 

(6,8 to 9 Kg ) in the last year. The patient had neier had an> serious 
He iiad lost no time from his work on account of illness in the past i > ^sug- 
For many rears, however, he had had cramplike pains in the egs a 
gestire of Paget’s disease). 
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Physical Examination.—Tha patient was a well developed, poorly nourished 
man, about 60 years old, with marked tortuosity of the temporal arteries. The 
skull showed a number of irregular bosses, and an increase in the transverse 
diameter. The nose was normal. The teeth were completely replaced by dentures. 
The tongue was clean. The neck showed no palpable masses, scars or abnormal 
pulsations. The chest was symmetrical and expansion was e<lual. The costal 
angle was acute and there was a slight Harrison’s groove. The lungs were reso- 
nant throughout. The abdomen was normal. There was a marked anterior bow- 



Fig. 5. — Paget’s disease of the skull. 


palpa'tion inspection and 

Roentgenograms were made and the following report was rendered by Dr 
iiercndecn on July 26, 1929; ^ 

“Roentgenograms of the skull, left femur, pelvis and tibia reveal the charac- 
teristic features of Paget’s disease. Stereoscopic views of the left shoulder reveal 
t le presence of the same process in the clavicle, scapula and humerus In addition 

l.nTo "S “TO” ftird of .1,^ 
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Treatment . — Treatment was commenced on August 9 and in four days the 
patient received four treatments with radium element pack for a total of 16,000 
millicurie hours at a distance of 6 cm. On August 7, August 10 and September 
12, he received three treatments with high voltage x-ra 3 'S, each exposure lasting 
twelve minutes and consisting of 175 kilovolts given at a distance of SO cm. from 



the skin, at a milliamperage of 30 through a port 10 y ^ cm. n , 
tion being 0.5 mm. of copper, and all treatments ° . jn a sling 

During these treatments and thereafter his arm v as i 
and a swathe. He returned to the outpatient t!,e tumor 

frequent observation. The pain became progressue > m ’ not be 

grew. That this represented continued growth of ti produce 

Lsumed, as the effect o£ radiation on an osteogcn.c sarcoma .s often 
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swelling. However, the patient was unable to tolerate the pain and finally con- 
sented to amputation. It was necessary to perform an interscapulothoracic dis- 
articulation because of the extent of the growth. This was done on Feb. 6, 1930. 
The patient made a smooth recovery following the initial shock which was fore- 
stalled in large measure by a transfusion given on the table at the end of the 
operation. Twelve days postoperatively, the injections of toxin were commenced, 
and ten were given. The wound healed promptly without infection. The patient 
was discharged on March 7, and has been observed regularly in the clinic. He 



^'5 — Paget’s disease of the humerus with osteogenic sarcoma. 


was last seen on November 13, nine months after amputation. At that time he 
was free from symptoms and showed no evidence of disease and a roentgenogram 
of the chest showed no e^idence of metastases. ^ 


1. From a study of cases of osteogenic sarcoma in iHemorial Hos- 
pual. It was found that in no patient was this condition associated 
with Paget s disease prior to the age of 50. 

2. In a collected series from Memorial Hospital and the Bone 
Kegistry of seventy-one cases of osteogenic sarcoma in patients over 
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50 years of age, Paget’s disease was found to be a predisposing factor 
to osteogenic sarcoma in 28 per cent. 

3. Of patients with the two diseases associated, men are affected 
five times more frequently than women. 

4. In general, it may be said that osteogenic sarcoma in patients 
over 50 has the same sites of predilection as in younger persons. 

5. A patient over 50 with osteogenic sarcoma of the skull presumably 
has Paget’s disease. 

6. When osteogenic sarcoma is associated with Paget’s disease, it 
invariably develops in a bone showing the characteristic changes of 
Paget’s disease rather than in an otherwise normal bone. 

7. Evidence is presented to show that Paget’s disease is present 
from ten to fifteen years or more prior to the development of a 
complicating osteogenic sarcoma. 

8. The duration of life is shortened by the association of osteogenic 
sarcoma with Paget’s disease, as determined by a comparative study 
of a group of patients of the same age without osteogenic sarcoma. 

9. No record has been found of the survival for five years of a 
patient with osteogenic sarcoma and Paget’s disease under any method 
of treatment. 

10. Paget’s sarcoma has proved to be relatively resistant to radiation. 

11. Preliminary radiation by intensive exposure to radium pack and 
high voltage x-rays and, following amputation, the use of prophy- 
lactic constitutional therapy with the mixed toxins are suggested as a 
method worthy of trial. 



THE MECHANISM OF THROMBOPHLEBITIC EDEMA ■ 
LEO M. ZIMMERMANN, :M.D. 

AND 

G6ZA de TAKATS, M.D. 

CHICAGO 

PREVIOUS LITERATURE 

The mechanism of the edema that follows thrombophlebitis of the 
extremities has provoked considerable discussion for many years. 
Repeated experimental investigations have tended to support first the 
theory of venous obstruction, then that of lymphatic origin, without 
having served to bring the problem to definite decision. Many years 
ago, Cohnheim ^ showed that ligation or extirpation of all of the lym- 
phatics from an extremity fails to produce edema of that limb. These 
experiments have been repeated many times since then, with numerous 
variations, and usually with the same results. Clinical observations, 
however, of edemas following mechanical extirpations of lymph nodes 
or the compression of the lymphatics by tumor growth have given 
constant support to the belief that lymphatic obstruction will sufficiently 
interfere with the return of fluid to result in edema of the extremity. 
The clinical improvement noted after surgical procedures intended to 
provide new lymphatic pathways from edematous limbs, such as 
Handley’s lymphangioplasties,- and the Lanz ^ and Kondoleon * opera- 
tions, which are directed toward providing anastomoses between the 

Submitted for publication, Dec. 26, 1930. 
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superficial and deep sets of lymphatics, has given further support to 
the lymphatic theory. 

Attempts to produce edema experimentally by ligation of the veins 
go back to the researches of Lower, in 1680.® He succeeded in pro- 
ducing edema in various parts of the body by tying the veins, but 
subsequent workers have failed to repeat his results. Ranvier ® found 
that ligation of the femoral veins would not produce edema, but 
simultaneous ligation of the veins and division of the sciatic nerve pro- 
duced this result. In 1879 , Sotnitschewsky,® working in Cohnheim’s 
laboratory, failed to produce edema by either of the methods men- 
tioned, and found that by making the injections into the veins after 
ligation, fluid easily passed through collateral vessels. He found, how- 
ever, that the injection of plaster of paris into the veins of the foot, 
with the application of a constrictor about the thigh until the plaster 
had set, pi'oduced massive edema of the extremity. 

At the present time there is a growing tendency to ascribe the edemas 
of the extremities following thrombophlebitis to obstruction of the 
lymphatics.'^ Homans felt that the phenomena consequent on thrombo- 
phlebitis of the iliac vessels are incompatible with mere venous obstruc- 
tion, and he recently reported experimental wmrk that tends to show 
that the main lymphatic channels of the extremities, which run in close 
proximity to the iliac veins, are involved in the periphlebitic inflam- 
mation, and that it is the obstruction of these channels that is responsible 
for the postphlebitic edema.® In his experiments Homans found, as 
have many others, that simple ligation of the femoral or the iliac vein 
or both does not result in edema of the leg of the dog. The injection 
of bacterial emulsions, however, into an isolated segment of the external 
iliac vein produced an infectious thrombus and marked edema of the 
entire extremity. From his studies, Homans concluded that the cause 
of phlegmasia alba dolens is a lymphatic obstruction due to the inflani 
matory reaction around an area of thrombophlebitis, and that the basic 
lesion is always in the common or external iliac vein, however far it 
may extend peripherally. 


5. Quoted by Sotnitschewsky ; Virchows Arch. f. path. Anat. 77.85, 1879. 

6. Sotnitsche^vsky ; Ueber Stauungsbdem, Virchows Arch. f. patii. Anat. 

77:85, 1879. . . 

7. Gager, L. T.: Lymphatic Obstruction: Non-Parasitic Elephantiasis, 

J. M. Sc. 166:200, 1923. Halsted, W. S.: Elephantiasis Cbirurgica, Bu . J 
Hopkins Hosp. 32:309, 1921. _ _ p 

8. Homans, J. : Thrombophlebitis of the Lower E>-'tremmes, / nn 
87:641, 1928. Homans, J., and Zollinger, R. M.: Expenmenta ir 

and Lymphatic Obstruction of the Lower Limb, Arch. Surg. 
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METHODS OF EXPERIMEXTATIOX AXD RESULTS 

’\^'e set out to repeat the experiments of Homans, The experi- 
ments were performed on the hind legs of dogs, the opposite limb in 
each animal being used for control. AH operative procedures were 
carried out under ether anesthesia, ndth morpliine premedication, and 
the usual aseptic precautions were obser\‘ed. The experiments fall into 
a series of groups that led to the development of a simple, reliable 
method of producing edema comparable to that which follows human 
thrombophlebitis. Analysis was then made of the possible factors 
involved, so that the mechanism of the fonnation of edema and some 
of its characteristics could be detennined. 

Simple Ligation of the Iliac and Femoral J'cins. — In the first group 
of animals the following veins were ligated: the common iliac vein 
on one side, the common and the internal iliac veins of the same side, 
both common iliac veins, both common plus both internal iliac A’eins, 
the femoral vein and the femoral plus the iliac veins of the same side. 
Xone of these measures produced noticeable edema of the leg. In many 
of the subsequent e.xperiments. ligations of the veins of one or both 
sides were done in addition to other procedures, also without resulting 
in the development of edema. These results are in accord with those 
of Homans and others in laboraton- animals, and are comparable to 
those reported in man when the surgical ligation of the main veins of 
the extremity have not resulted in edema or any other circulatory 
disturbance. 

Chemical Phlebitis and Periphlebitis of the Iliac Veins — In another 
group of animals we sought to repeat the experiments of Homans. 
Instead of using emulsions of bring bacteria, however, which might 
conceivably spread beyond the regions intended, we used cliemical 
irritants similar to those in use in the obliteration of varicose veins. 
Fift}- per cent solution of sodium salicylate, in amounts vandng from 
2 to 6 cc.. and tincture of iodine, from 2 to 8 cc.. were injected into 
isolated segments of the common and external iliac veins. In some 
experiments some of the solution was sprinkled along the outside of 
the vein. In all of the animals there was considerable periphlebitic 
reaction, even to necrosis of the perivenous tissues, with or without 
thrombosis in the isolated segment. In none of these animals was there 
edema of the leg. 

-V echanical Extirpation of the Iliac Lymph Glands and Lvtnph-Bcar- 
lag Ttsstu's.-~Utiyhig failed to produce edema of the leg bv causing 
periphlebitic inflammation with presumable involvement of the adjacent 
principal lymph channels, we attempted to interrupt the lymphatic return 
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from the extremity by mechanically dissecting out the iliac lymph glands 
together with all of the retroperitoneal fatty and areolar tissues from 
the bifurcation of the aorta to Poupart’s ligament, and from the posterior 
parietal peritoneum to the psoas muscles. The common and internal 
iliac veins were ligated and divided at the same time, only the artery 
being left intact. In some experiments even the adventitia of the 
artery was dissected off, to exclude any contained lymphatics. In the 
first animal operated on, marked edema of the entire thigh and leg 
developed. Dry gangrene of the leg subsequently ensued, because of 
a traumatic thrombosis of the artery and of the vein. Two other ani- 
mals had slight, transient edema, in one of which extensive thrombosis 
of the veins extending down into the leg was found. In the remaining 
eight animals of this group, there were no traces of edema, although 
in several the dissection was repeated to remove any regenerated lym- 
phatics and the collateral veins were ligated. The failure to produce 
edema in these expeidments seemed to indicate that interruption of 
the l 3 unph channels along the iliac vessels was not sufficient to produce 
edema of the corresponding limb ; and while we could not be sure that 
all lymph vessels were removed by our operation, there was much 
more inflammation of the adjacent tissues as a consequence of the dis- 
section than could be expected to result from an inflammatory process 
within the iliac veins. 

Peripheral Injection of Irritants into Veins . — Our next attempt 
was to produce an extensive peripheral venous obstruction, by the injec- 
tion of irritants peripherally, from the femoral veins. The vein into 
which the injection was to be made was exposed through a short incision 
just below Poupart’s ligament and freed from its surrounding structures, 
and a ligature was placed just below the ligament. A needle was ihen 
tied into the vein, pointing downward and the injections made. Fift} 
and 70 per cent alcohol was used, in amounts of from 10 to 20 cc. 
In practically every one of these animals, marked edema ensued (fig. !)• 
The swelling deA^eloped during the first twenty-four hours, i cached its 
maximum in from two to three days, then graduall)^ subsided, an^ 
disappeared entirely in from two and one-half to three and one ha t, 
u'ceks. The edema appeared first and was most marked in the 
extending later to involve the entire leg and foot. In some o i 
animals it achmneed also to the anterior abdominal wall. 
reaching as high as the xiphoid process. When most se\ere, t ic ^ 
ing w'as firm and brawmy; when less marked, it w’as soft an p & 

At autopsy, extensive thrombosis or fibrous obliteration of t le c 
A^eins AA'as found, Avith marked periA’^enous infiltration. In some i 
there Avas actual necrosis and abscess formation. 
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These experiments indicated that the peripheral injections of chemi- 
cal irritants into the main veins of the extremity resulted in edema of 
the limb, and suggested that the swelling was due to extensive peripheral 
block of the venous return. Two factors, however, still had not been 
ruled out, the perivenous inflammation that might affect the concomitant 
lymph channels and a possible direct effect of the irritant on the wall 
of the vessel, leading to increased permeability and exudation. 

Producfion of hitravasadar Thrombosis . — To avoid the criticisms 
indicated in the preceding paragraph, we sought for a bland, obturating 
agent that would occlude the vessels and not injure the wall of the 
vessel or the perivascular tissues. An emulsion of barium sulphate in 



Fig. 1 (dog 35). — Edema of the leg twenty-four hours after the injection of 
20 cc. of 50 per cent alcohol into the left femoral vein. 

gelatin was injected into a series of five dogs. Edema of an extreme 
degree resulted in all of the animals. Three of the five died, and one 
seemed to have a great deal of pain on awakening, so the procedure 
was abandoned. Besides, the introduction of a metallic poison, to pro- 
duce a bland intravascular thrombus, could be severel}' criticized. 

Tissue extracts were then used for the peripheral injection, with 
the idea of producing bland noninflammatory thrombotic obstruction 
of the veins. The extracts were made of muscles of the hearts of dogs. 
.\nimals on which autopsies had been performed were used. The hearts 
were removed under aseptic care, minced and extracted with sterile 
distilled water or physiologic solution of sodium chloride. Injection 
of such extracts, in amounts from 13 to .30 cc.. usually resulted in edema 
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of the leg, similar to that produced in the earlier experiments (fig. 2A}. 
The edema was less uniform in degree than by the other methods, 
and was missed in a few experiments. 

To pursue the idea a step fui-ther so as to produce edema by the 
injection of perfectly bland substances that would cause thrombosis 
but no perivascular inflammation, a series of animals was given injections 
of their own serum. Blood was drawn from the heart and allowed to 
clot, and the serum was reinjected, against the stream, into the femoral 
veins. In these animals also striking edema of the extremity developed 
(fig. 25). Here, however, the edema was inconstant and of unequal 
intensity. The experiments to this point had convinced us that the 



Fig. 2, — A, edema of the leg three days after the injection of 20 cc. of fresh 
heart muscle extract into the left femoral vein (dog 36). B, edema of tlie Ic,, 
two days after the injection of 20 cc. of autogenous serum into the left femora 
vein (dog 37). 

obstruction of the veins of an extremity, with the use of the blandest 
possible substances, was followed by the development of edema in 1 lat 
limb. It was difficult to attribute any important role to the hmpbatic 
in the mechanism of this edema. 

Because of the inconvenience of preparing the extracts of muse 
of the heart or the serum for further studies as to the nature . 
mechanism of the edema, the concentrated tissue extract 
C. A. Mills, and sold under the trade name fibrogen (^lerriil), 
used. Quantities of this preparation as small as from O.a to 
injected peripherally into the femoral vein resulted m 
thrombosis of the veins and marked edema of the extrennt} 
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These edemas, like those following the injection of irritants, developed 
during the first twenty-four hours, and never lasted for more than 
from three and one-half to four and one-half weeks (table 1). 

Postmortem Observations . — Animals were killed at various intervals 
after the injections, and the limbs were dissected. In general, the more 
extensive the edema, the more hemorrhagic the exudate proved to be. 
In limbs with marked swelling, the tissues were completely infiltrated 
with a hemorrhagic fluid. In the slight edemas, the fluid was thin and 
colorless. With the severe edemas there was also a heavy deposit of 
fibrin on the muscle bundles. The veins were thrombosed in all of 



Fig. 3. — A, edema following the injection of 2 cc. of fibrogen into the left 
femoral vein. B, edema following the injection of 1 cc. of fibrogen into the right 
femoral vein. 


Table \.~Circumjcrcncc oj Edanatous Limbs {Tzvcnty Hours After lujcclion 
of 1 cc. of Fibrogen into the Left Femoral Vein ) 


Dog 31 Dog 92 

Right Left Right Deft 

7.0 cm, S.Ocm. 7.S cm. S.S cm. 

lO.ocm. 13.5 cm. 8.5 cm. 33.0 cm. 

23.0 cm. 2S.0 cm. 1S.5 cm. 20.5 cm. 


the animals with edema (fig. 4). the extensiveness of the thrombosis 
nstia iy corresponding to the severity of the edema. In the milder forms 
the thrombosis reached only to the knee ; in the severe ones, it extended 


Toot.. 

leg... 

Tliigli, 
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to the ankle. The tributaries of the veins were also occluded for a 
variable distance. The vein seemed to be somewhat more adherent to 
its surrounding structures in the occluded portions than elsewhere. In a 
few of the animals, the edema extended to the abdominal wall as high 
as the xiphoid process. Pulmonary embolism was seen occasionally 
(figs. 5, 6, 7 and 8). 

Protein Content of the Edema Fluid.— It was thought that deter- 
minations of the protein content of the fluid might shed some light on 
the mechanism of the edema. Through the courtesy of Professor 
Farmer, of the department of chemistry, determinations of the protein 
content in a series of experiments have been made by the refractoinetric 
method (table 2). These determinations indicate a high protein content, 
the values ranging from 1.25 to 3.4 per cent. It is our impression, how- 
ever, that the protein content is directly proportional to the severity and 



Fig. 4. — Vein dissected out and opened, sliowing intravascular clot. 


Table 2. — Protein Content of Edema Fhnd'' 



Duration of 

Protein Content, 
per Cent 

Dog 

Edema 

4S - . 

24 hours 

2.">3 


3 days 

3. OS 

(i-> . 

4 days 


rts 

3 days 


,<?/> 

3 days 


sn . .. 

20 hours 


Oft 

20 hours 


q.> 

20 hours 

•Iso 

00 

20 hours 


' The clctorminations nere innclo with the refractometer by Xiss Alio Ree 


Department of Chemistry. 


the duration of the edema. Further studies are now in progres 
cerning these changes in the chemical nature of the edema n • 

Injections into the Saphenous Vcin.-ln a 
fibrogen was injected into the saphenous veins, in a » ‘ 
from a point close to their junctions with the femoral trim xS. 



Fig. 5.— Pliotomicrograph of edematou-s tissue, showing fibrin strands and 
slight cellular infiltration. 





Fig. 7. — Lo- 
and edema of 


vein. 
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edema resulted, and the veins were found to be extensively thrombosed. 
In those in which heparin was used, the thrombus was limited to the 
first 1 or 2 cm. of the vein, and there was no edema. 

Injection into the Lymphatics . — In two animals with edema, 1 cc. of 
emulsion of india ink was injected into the footpads, and the animals 
were killed after two and one-half and sixteen hours. In the iliac 
lymph glands of neither of these animals could particles of ink be dem- 
onstrated. In control animals into which the same cpiantity of ink was 
injected at the same time and which were killed after the same intervals, 
pigmentation of the iliac glands was observed. India ink was injected 
into two other animals with marked edema of the legs, and the animals 
were killed after twenty-four hours. In both, ink was recovered in the 
iliac glands (fig. 9). In another series of four animals, the injections 

Table 3. — Summary of Experiments 


Typo o£ Experiment 

Ligation of veins alone 

Ligation plus injeetion of irritants into iliac veins... 

Mechanical extirpation of lymphatics 

Alcohol injected peripherally (femoral) 

Injections of barium-gelatin emulsion 

Injections of heart muscle extract 

Injections of autogenous serum 

Injections of fibrinogen 

Heparin injected (plus fibrinogen or muscle extract) 
Fibrinogen injected into saphenous vein 


Xumber 

7 

G 

12 

IT 

5 

17 

10 

41 

0 

4 


Edema in 
0 
0 
O 

17 

5 

1C 

8 

41 

2 

2 


Total e.xperiments 


125 


of fibrogen into the femoral veins and the injections of ink into the 
foot were made simultaneously. The dogs were killed after twenty 
hours, and in three of the four there was definite discoloration of the 
iliac lymph glands. These experiments definitel)’’ proved that the Itm 
phatics were permeable, even at the height of the edema. While it is 
true that the passage of the particles of ink was delayed in the linns 
with edema, this is readily explained by the pressure exerted on 1 1 
lymph vessels by the edema and by the limitation of actiiitj m 
edematous leg (table 3). 


COMMENT 

The experiments described have led to a simple, reliable n 
of producing edema in the extremity of the dog which 
to that seen in man following femoral or iliac throinbophle itis. 
ligation of the main veins of the extremity failed to resii t ii ^ 

edema. This, in view of the results of the production o an 
peripheral obstruction of the veins, indicates that the simp ^ 

fails because the collateral supply is too readily deieopec 
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considerable degree of venous insufficiency. The production of a localized 
chemical phlebitis of the iliac veins, with more or less associated 
periphlebitis, also failed to result in edema of the extremity. The 
mechanical extirpation of the lymph-bearing tissues did not, in most of 
the experiments, lead to the development of edema of the corresponding 
limb. These results indicate that obstruction of the lymphatics does 
not play a primary role in the development of the postphlebitic edemas. 

Obliteration or obstruction of the peripheral veins over a sufficiently 
extensive area in almost every instance was followed by the deA’^elopment 
of typical phlegmasia alba dolens. Such an obstruction by the injection 
of the blandest substances possible, even of the animal’s own serum, 
provides little support for the theory of a lymphatic obstruction as 
the cause of the edema. Finally, the experiments with the injection of 
iiidia ink definitely pror^ed the patencj'^ of the lymphatics, even at the 
height of the edema. While it is true that the transport of particles 
of ink was delayed in the edematous limbs, this is readily explained by 
the pressure exerted on the lymphatics by the edema fluid. Further- 
more, it is known that muscular activity is an important factor in 
furthering the flow in the lymphatics. These greatly swollen limbs 
are held immobile by the animals, depriving the lymph stream of the 
pumping action of the muscles. 

The duration of the edema was directly proportional to its intensity. 
In none of the experiments, however, did it last for more than from 
three and one-half to four and one-half weeks. In this respect, the 
edemas differed from those of severe human cases of phlegmasia alba 
dolens in which the swelling may persist indefinitely, or may recur 
with excessive standing or walking. The transient nature of the edema 
in the animals is accounted for by several factors. As will be seen in 
the microscopic preparation (figs. 10 and 11), canalization of the 
thrombi occurs promptly, and probably results in some measure of 
restoration of the venous return. The rapid development of collateral 
circulation, as evidenced by the appearance of dilated superficial veins on 
the thigh and abdomen, and the enlargement of otherwise incon- 
spicuous deep veins indicate the degree and rapidity of this collateral 
development. A final factor is seen in the difference in hydrostatic 
pressure in man as compared with the quadruped. This, plus the much 
earlier resumption of muscular activity on the part of the dog, probably 
further favors the early disappearance of the edema. 

The role of lymphostasis in the thrombophlebitic edemas should not 
be denied. In the first place, venous obstruction per se increases the 
flow of lymph, and the rate of transport does not keep pace with the 
rate of production, as the mechanical pressure of the edema fluid and 
the immobilization of the edematous limb seriously interfere with the 
movement of lymph. In later stages of edema, the connective tissue 
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reaction. ^Yhich is the result of the persistence ot a protein-rich exudate 
in the tissues, ^Yiil strangle the lymph channels and cause a peripheral 
h-mph block. In tissues excised during Ivondoleon operations one can 
unifonnly obsen'e such dilated hmphatics. 

Tliis secondan' lyniphostasis. hoiYCver. has nothing in common rrilli 
tlie l}'mphatic obstruction postulated by Homans and Zollinger. Reichert ' 
and others, rrho claim a primary obstruction of the perivenous lymph 
channels and Irmph glands in thrombophlebitic edema. Our results 
fail to confirm their supposition. \\ e are aware of the fact that the 
chronic edema seen after iliac thrombosis in man presents additional 
factors that we have not reproduced in the animal, namely, the super- 
imposed infections of the skin, the recurrent attacks of erysipelas with 
more burden on tlie lymphatics and the thrombophlebitic ulcers. Also 
the so-called “idiopathic” edema, without any evidence of venous tlirom- 
bosis. may have a type of mechanism that is different from the one 
reproduced here. The extensive venous thrombosis, however, which 
not only blocks the femoral or iliac veins at one segment, but extends 
far into the tributaries, closely imitates the condition encountered in deep 
venous thrombosis in man. 

The accumulation of fluid in the tissues cannot be explained purely 
on the basis of a filtration edema. It is true that when capillary pres- 
sure rises above the osmotic pressure of the blood, the flow of fluid 
from the tissues to the capillaries is reversed. Obviously, there is a 
great rise in capillary pressure following mechanical obstruction in 
the veins. The edema, however, which can be obser\-ed in normal 
subjects standing erect and immovable for thirty minutes contains 
only a small amount of protein : the endothelium is intact and hardly 
or not at all permeable.’-'^ The fact that our edema fluids contain hio-h 
percentages of protein can be interpreted only as a sign of endothelial 
damage, resulting in increased permeability to the proteins of the 
blood. The capillaty stasis, which deprives the capillary endothelium 
of sufficient oxygen, is the most probable cause for this leakage of 
protein. The work of Landis has conclusively shown the great sensi- 
tivity of endothelium to even a small diminution of the supply of 
oxygenp^ 


9. Reichert. F. L.: The Regeneration of Lymphatics. Arch. Surg. 13:871 

(Dec.) 1926. Kuntzen. H. ; Die Chirurgie der Elephantiasis. Arch f klin Chir 
158:543, 1930. ’ ' 

10. Thompson. W. O.; Thompson, P. KL. and Dajley, D.: The Effect of 

19??^ Composition and ^*oIum6 of the Blood in Mzn. Proc. Xat. Acad. 

Oxygen on the Permeability- of the 

Capillary Itall to Fluid and to Plasma Proteins, Am. T. Physiol. 83:528. 1928 



952 


ARCHIVES OF SURGERY 


That the ederna fluid is i ich iu protein explains certain character- 
istics of throiubophlebitic edema. In the first place, it explains wliy 
the edema does not disappear as fast as a simple filtration edema, 
owing to an increase in venous pressure. As long as the increased 
capillary permeability persists, the exudation of iDrotein-containing 
fluid will go on. However, when the capillary permeability is restored, 
it will also become impermeable to the protein in the exudate.’^- The 
osmotic pressure of this exudate seems also of importance and is 
now being investigated. 

Edema fluids containing protein can be absorbed through the 
lymphatics, and the experiments of Lewis showed conclusively that 
protein is transported along this route. Another mechanism has been 
pointed out by Landsberg,^^ who observed that protein may be broken 
down by enzymes produced, no doubt, in adjoining cells. The cleavage 
products can then be directly absorbed into the blood stream. This 
might explain the death of some of the experimental animals and the 
toxic, febrile reactions that occur in acute thrombosis without infec- 
tion in man. 

The hemorrhagic, protein-rich exudate is not indifferent to the 
tissues. The connective tissue reaction will result in fibrosis and 
further inhibition of venous and lymphatic transport. We gained the 
impression in our experiments on animals, that the degree and dura- 
tion of the edema were related to the height of the protein content 
and the hemorrhagic character of the fluid. From a clinical standpoint, 
much will depend on whether the edema can be made to subside 
rapidly and whether or not the capillary damage is permanent. 

The Kondoleon operation, which we practice according to the modi- 
fication of S'istrunk,^^ may be interpreted in the light of our experi- 
ments to act by removing a large amount of diseased, fibrous 
connective tissue with vacuolar spaces that retain water easily. 
removal of the fascia might expose the subcutaneous tissues to 
more direct muscular pump action. The working hypothesis t la 
new lymphatic connections drain off the lymphostasis is not tena e. 
because even if lymphatic block were a primary factor, the ihac 
glands and channels, which drain the lymphatics of the entire 
extremities, would not be affected by this operation. 


12. Krogh, A.: The Anatomy and Physiology of Capillaries, revised edition, 

New Haven, Conn., Yale University Press, 1929. ,v„.„nncousIy 

13. Lewi;, J. H.: The Rate and Route of Absorption o S bcutar^^^^l 

Injected Serum in Relation to the Occurrence of Sudden Death . 
of Antitoxic Horse Serum, J. A. M. A. 76:1342 (Itlay 14) " ’ . plcri- 

14. Landsberg, Jil. ; Studien fiber den Chetnismus der Reso p 

tischen Exudate, Wien. Arch. f. inn. Med. 3:467, 1921. Sure. 85: 

15. Sistrunk, W. E. : Kondoleon Operation for Elephantiasis, . 

193, 1927. 
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SUMMARY 

1. Ligation of the iliac and femoral veins, alone or in all pos- 
sible combinations with the contralateral veins, did not produce edema 
in the lower extremities of dogs. 

2. A localized chemical phlebitis and periphlebitis induced with 
strong irritants, such as 50 per cent sodium salicylate and tincture 
of iodine, produced a segmental thrombosis but no edema of the 
limb. 

3. Removal of the iliac lymph glands together with all of the 
retroperitoneal fatty and areolar tissues from the bifurcation of the 
aorta to Poupart’s ligament failed to produce edema of the limb 
even when the common and internal iliac veins were divided at the 
same time. In several animals the dissection was repeated to remove 
any regenerated lymphatics and the collateral veins were ligated, but 
edema did not develop. 

4. From 50 to 70 per cent alcohol injected peripherally into the 
femoral vein caused extensive venous thrombosis extending into 
the tributaries and a marked edema lasting from two and a half to 
three and a half weeks. 

An emulsion of barium sulphate in gelatin also produced marked 
edema. 

Tissue extracts from muscles of the hearts of dogs, the dogs’ 
own serums and finally a concentrated tissue extract, fibrogen, when 
injected into the femoral vein, caused an extensive venous thrombosis 
with marked edema. The edema fluid was hemorrhagic and con- 
tained comparatively high percentages of protein, indicating a damage 
to the capillary endothelium. If the fibrogen was prevented from 
forming a clot by the simultaneous injection of heparin, there was 
no edema. 

5. In spite of marked edema, particles of India ink, injected into 
the foot reached the iliac lymph glands, although delayed by the 
pressure of the fluid and by the limitation of muscular activity. 

6. An obstruction of the peripheral veins over a sufficiently 
extensive area with a bland, noninflammatory clot produced marked 
edema, with very little and only secondary involvement of the lym- 
phatics. These results do not confirm the results of recent workers, 
who emphasize lymphatic obstruction. 

7. Some clinical applications of these observations are pointed out. 

185 Xorth A abash .‘Avenue. 

122 South ilichigan A%enue. 



THE IMMEDIATE CONTRACTION OF CUTANEOUS 
GRAFTS AND ITS CAUSE 


JOHN STAIGE DAVIS, M.D. 

AND 

EDWARD A. KITLOWSKI, M.D. 

BALTIMORE 


We have often noticed that there is a definite shrinkage in the size 
of free skin grafts immediately after being cut; this fact has also 
been recorded in the literature by other observers, but so far as we have 
been able to ascertain, no one has attempted to measure the exact amount 
of shrinkage or to compare this shrinkage in the different types of 
grafts. This report is the result of an investigation to determine the 
amount of contracture and to explain the probable cause. 

In cutting grafts of different thicknesses we found that the shrink- 
age seemed to vary with the depth at which they were cut. For this 
reason we selected for measurement areas of skin of different thick- 
nesses : whole thickness, half thickness, thick Ollier-Thiersch and thin 
or true Ollier-Thiersch grafts. 

The whole thickness grafts included the whole thickness of the skin, 
excluding the hypoderm. The half thickness grafts were cut about half 
throvrgh the corium. The thick Ollier-Thiersch grafts were cut with tiic 
aid of Blair’s suction boxes and included the papillae of the corium. The 
true Ollier-Thiersch grafts, which are the thinnest that can be cut, were 
also obtained with the aid of Blair’s suction boxes and included the 
epidermis and the tips of the papillae of the corium (fig. 1). 


HISTOLOGIC ANATOMY 

The skin consists of three layers: epidermis, dermis or coiium, and 
the hypodermis or subcutaneous layer. The epidermis is a nonvascu ar 
covering composed of pavement epithelial cells. The dermis or corium 
is made up of dense fibrous tissue with strands of yellow elastic 
It contains the blood vessels, lymphatics, nerves, touch follicles anc 
follicles and some of the oil and sweat glands. The hypodermis cons 
of bundles of loose connective tissue containing masses o at ce 
their meshes. IMost of the sweat glands and the deep haii o ic 
lie in this layer. 


* Submitted for publication, Feb. 10, 1931. 

*From the Surgical Department of the Johns Hopkins 
pital. Division of Plastic Surger}c 


University and Hos- 
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The epidermis is divided into four layers of cells: the stratum 
corneum, stratum lucidum, stratum granulosum and stratum mucosum 

The stratum corneum consists of several layers of flattened non- 
nucleated cells, the more superficial of which assume the form of horny 



Fig. 1.^ — Schematic drawing of a vertical section of the skin. 1 indicates the 
stratum corneum ; 2, stratum lucidum ; 3, stratum granulosum ; 4, stratum mucosum ; 
A, level at which the true Ollier-Thiersch grafts were cut; B, level at which the 
thick Ollier-Thiersch grafts were cut; C, level at which the half thickness grafts 
were cut ; D, level at which the rvhole thickness grafts were cut ; X, papillarj- layer 
of the coriuni ; 3 , reticular layer of the corium. 


scales, which are gradually removed by friction. The stratum lucidum 
consists of an apparently homogeneous layer of flattened cells which con- 
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tain granules of keiatohyalin. The stratum granulosum consists of three 
or four layers of flattened cells around the nuclei of which are granules 
of eleidin, a substance that apparently represents an intermediate stage 
between the protoplasm of the deeper cells and the keratin of the super- 
ficial layers. The stratum mucosum consists of several parts : a basal 
layer or the stratum germinativum, consisting of one or two layers of 
cylindrical cells with large nuclei, standing on a basement membrane, and 
above these cells several layers of prickle cells united to each other by 
filamentous processes. 

The corium is divided into two parts ; the pars papillaris or papillary 
layer and the pars reticularis or reticular layer. 

The papillary layer, which consists of fine fibrous tissue with some 
elastic tissue, is thrown into ridges that are covered by the overlying 
mucous layer of the epidermis. These folds are called papillae. They 
afford favorable positions for the lodgment of the terminal capillaries 
and special organs of touch. The papillae are best developed on the 
flexor surfaces of the hands and feet, and they do not vary throughout 
life. 

The reticular layer is a continuation of the papillary layer. In this 
layer the fibrous and elastic tissue is more closely interlaced, and it is the 
“leather” of the skin. 

The general course of the fibrous bundles within the corium is 
parallel or oblique to the surface. Some strands come upward vertically 
from the subcutaneous layer below, traverse the reticular layer and 
either bend over the fibrous bundles in this layer and go down again or 
join these bundles. The bundles that ai'e best developed have a direction 
parallel with the usual lines of tension of the skin ; hence wounds of the 
skin that are at right angles to these lines tend to gape most. The 
bundles take a direction nearly at right angles to the long axis of the 
limbs; they run obliquely on the trunk and caudally and laterally from 
the spine. Their direction on the face and neck can best be seen in the 
illustration (fig. 2). The lines of tension of the skin are called the lines 
of Langer. 

The elastic tissue, which constitutes a considerable portion of tie 
corium, occurs as fibers and networks (fig. 3). In the reticular straturn 
they form strong bundles, corresponding with the general arrangemcn 
of the fibrous tracts. Toward the surface of the corium, t ie e as ^ 
fibers become finer and more branched and anastomose beneat 1 1 le ep 
dermis, forming a fine subepithelial elastic network. 

These elastic fibers unquestionably determine the shrinkage o cu a- 
neous grafts after the grafts have been cut, and this . 

depend on the depth at which they were cut. If the who e t nc me . 
the skin is taken, the shrinkage will be maximum, whereas i on , 
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Fig. 2. — These illustrations. A, B, C and D, show the lines of normal tension 
of the skin known as the lines of Langer. Incisions through the skin across 
these lines will gape wider than those cut parallel to them, and incisions closed 
parallel to these lines will be less likely to cause wide scars than those closed 
across them. The elastic tissue of the corium throws the papillary layer into 
definite folds which cause these patterns. The epithelium plays no part in the 
formation of these folds, as it merely covers the corium beneath. These patterns 
are practically uniform, tvith only minor individual variations. This illustration 
is redrassm from Kirschner and Schubert (Allgemeine und spezielle chirurgische 
Operationslehre, Berlin, Julius Springer, 1927, vol. 1, p. 326). A shows Langer’s 
lines of normal skin tension on the head and neck; Langer's lines of normal 
skin tension on the front of the trunk and upper extremity; C, Langer's lines of 
normal skin tension of the back of the trunk and buttocks; D, Langer's lines of 
normal skin tension on the front and back of the thigh and leg. 
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epidermis and the papillary layer are taken, as in a deep Ollier-Thiersch 
graft, then the shrinkage will be much less. A graft that does not 
include any of the corium, or only the tips of the papillae and the epi- 
dermis, should have no shrinkage, except the slight amount due to the 
natural contraction of the cells themselves. 


TECHNIC 

The following procedures were used in measuring the grafts before 
and after cutting; 



Fig. 3 .— Photomicrograph of a section of a whole thickness 
Weigert’s stain to bring out the elastic fibers of ^ s,a.n 

A indicates epithelium ; B, corium ; C, elastic fibers w uc i 

Sterilized perforated cellosilk and 5 per cent thickness and half 

materials used in securing the measurements. carefully out- 

thickness grafts are to be measured, the size a toothpick 

lined on the cellosilk with the bnlhant green ,,,, of the graft 

This outline, which is the exact size of the gr and 

before cutting, is placed on the area from perforations in the 

reoutlined with brilliant green; the dye pass . connected, and 

cellosilk leaves a dotted pattern on the skm. T (^^tteried 

the outline is thus marked on the skin. The graft 
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out on another piece of cellosilk, care being taken not to stretch it. A second 
tracing is then made, which gives the area of the graft after shrinkage has taken 

A different procedure had to be used in obtaining the measurement of the 
shrinkage in thick and true Ollier-Thiersch grafts, because the margins of these 
grafts could not be accurately cut in a given pattern, and because the thick Ollier- 
Thiersch grafts alwaj's tapered into true Ollier-Thiersch grafts at the edges. In 
order to overcome this difficulty, a square with sides about 2.5 cm. long is made 
on the cellosilk and transferred to the skin in the center of the area from vvhich 
the graft is to be cut. After cutting, the thick or the true Ollier-Thiersch graft is 
carefully spread on a board covered with protective tissue. The area previously 
marked out is then traced on a second piece of cellosilk, which gives the size of 
the square after shrinkage has taken place. 



Fig. 4. — Outlines of a whole thickness graft taken from the abdominal wall of 
a man, aged 40 (table 1, case 15), who had a roentgen ray burn of the skin over 
the knee, which was e.xcised and skin-graft applied. A shows the tracing made 
before cutting the graft; area, 29.0982 sq. cm. B shows the tracing made after 
cutting the graft; area, 16.4084 sq. cm. There was a shrinkage of 12.6898 sq. cm., 
or 43.61 per cent. Note the same general outline, which is much smaller in B 
because of the immediate shrinkage. (The original outlines have been reduced 
one half). 


The tracings are then transferred to sheets of paper and the areas computed 
by tneans of a planimeter. The difference in the areas of each pair of tracings 
shows the shrinkage for that particular graft. As all the grafts are of different 
sizes, we used the percentage of shrinkage as a method of comparison (fi^s 4 
3, 6 and 7). , ^ ’ 

The following tables were compiled from tracings secured by the procedure 
desenbed. All of the grafts measured were obtained and transplanted by us in 
the course of routine work. The planimeter readings and the computations were 
made by one of us in order to make them as uniform as possible. 




Fig. 5.— Outlines of a half thickness graft taken from the abdominal wall of 
a girl, aged 10 (table 2, case 2) who had a contracted scar from a burn which 
was released and grafted. A shows tracing before cutting; area, 6.5430 sq. cm. 
B shows tracing after cutting; area, 5.0323 sq. cm. There was a shrinkage of 
1.5107 sq. cm., or 23.09 per cent. Note that the general outline is about the same 
and that the shrinkage is less than in the whole thickness grafts. (The original 
outlines have been reduced one-half.) 



Fig. 6. — Outlines of a thick Ollier-Thiersch graft taken from the thigh of a 
man, aged 38 (table 3, case 13) who had a roentgen ray burn of the cheek, which 
was excised and skin-graft applied. A shows tracing made on the skin in the 
central part of the area taken in the graft; area, 4.3210 sq. cm. B shows trac- 
ing of A after the graft was cut; area, 3.7430 sq. cm. There was a shrinkage of 
0.5/80 sq. cm., or 13.60 per cent. (The original outlines have been reduced one 
fourth of an inch.) 



Fig. 7.— Outlines of a true Ollier-Thiersch graft taken from the thigh of a 
boy, aged 16 (table 4, case 8) who had granulating areas on both 
burn. A shows tracing before cutting graft; area, 2.5411 sq. 
after cutting graft; area, 2.5096 sq. cm. There was a shrinkage of 
or 1.23 per cent. 


RESULTS OBTAINED WITH THE VARIOUS T\ PES OF GRAFTS 

Whole Thickness Grafts.— In this series of twenty there 
ales and eight females. The variation in age was front o o 
ine grafts tvere taken from the abdominal ivall , set en ro 
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and four from the arm. The area of the largest graft before cutting 
was 30.6425 sq. cm. and the largest area after cutting was 17 .2288 sq. cm. 
The area of the smallest graft was 1.6256 sq. cm. before cutting and 
0.9144 sq. cm. after cutting. The largest amount of shrinkage was 44 
per cent and the smallest 43.01 per cent, with an average shrinkage of 


Table 1. — Whole Thickness Grafts 


Num- 

ber 

Sex 

Age 

Source of Graft 

.Area of 
Tracing, 
Sq. Cm. 

Area of 
Free Graft, 
Sq. Cm, 

.Amount of 
Shrinkage, 
Sq. Cm. 

Percentage 

of 

Shrinkage 

1 

Female 

5 

Abdominal urall 

5.9900 

3.9.370 

3.0530 

43.67 

2 

Male 

3 

Abdominal wall 

4.5110 

2.5349 

1.9761 

43.86 

3 

Male 

SO 

Abdominal wall 

28.5699 

16.0528 

12.5171 

43.80 

4 

Female 

10 

Abdominal wall 

21.9S62 

12.3952 

9.5910 

43.63 

5 

Female 

10 

Thigb 

14.9733 

8.5344 

6.4389 

43.74 

6 

Female 

46 

Abdominal wall 

10.3632 

5.9050 

4.45S2 

43.01 

7 

Female 

G 

Thigh 

11.7856 

6.65:a 

5.1334 

43.56 

8 

Female 

18 

Arm 

2.0320 

1.1379 

0.8940 

44.00 

9 

Male 

38 

Thigh 

2.6416 

1.4935 

1.14S0 

43.47 

10 

Male 

28 

Abdominal wall 

14.2240 

7.9781 

6.2458 

43.91 

11 

Male 

50 

Thigh 

30.6425 

17.2-288 

13.4137 

43.78 

12 

Female 

32 

Thigh 

3.5763 

2.0370 

1.5392 

43.04 

13 

Male 

24 

Arm 

3.1496 

1.77S0 

1.3716 

43.54 

14 

Male 

37 

Thigh 

2.0726 

1.1785 

0.8940 

43.13 

15 

Male 

40 

Abdominal wall 

29.0982 

16.40S4 

12.6S9S 

4S.61 

16 

Male 

3 

-Abdominal wall 

1.6256 

0.9144 

0.7112 

43.75 

17 

Male 

42 

Abdominal wall 

28.0S22 

15.7556 

12.3266 

43.89 

18 

Male 

7 

Thigh 

1.6662 

0,9372 

0.72S9 

43.75 

19 

Female 

2*’ 

Arm 

6.2763 

3.5585 

2.7178 

43,30 

20 

Male 

18 

Arm 

3.S070 

1.8643 

1.4427 

43.62 

Average amount of 

shrinkage, 43.60 per cent. 





Table 2. — Half Thickness Grafts 





-Area in 

-Area in 

-Amount of 

Percentage 

Num- 




Tracing, 

Free Graft, 

Shrinkage, 

of 

her 

Sex 

Age 

Source of Graft 

Sq. Cm. 

Sq. Cm. 

Sq. Cm. 

Shrinkage 

1 

Male 

12 

Thigh 

3.0472 

2.7.734 

0.9118 

25.00 

2 

Female 

10 

Abdominal wall 

6.5430 

5.03-2.3 

1.5107 

23.09 

3 

Male 

19 

Arm 

2.3241 

1.7433 

0.5S03 

24.99 

4 

Female 

21 

Thigh 

4.9479 

3.7SG4 

1.2115 

24.43 

5 

Male 

30 

Arm 

2.0144 

1,5140 

0.4993 

24.81 

6 

Female 

21 

Arm 

2.59GS 

1,9378 

0.6090 

23.45 

7 

Female 

21 

Thigh 

2.1513 

1.5918 


26.00 

8 

Male 

34 

Abdominal wall 

6.2445 

4.0052 

1.6393 

25.70 

9 

Male 

10 

Thigh 

2,6299 

2.0092 

0.6207 

23.60 

10 

Female 

21 

Thigh 

3.9870 

2,97o5 

1.0135 

25.42 

n 

Female 

24 

Arm 

1.2189 

0.9177 

0.3012 

24.71 

12 

Male 

12 

Thigh 

5.2503 

3.9156 

1.3352 

25.42 

18 

Female 

45 

Thigh 

1.2245 

0.9409 

0.2S36 

23.17 

14 

Female 

24 

Arm 

2.in6 

1.0330 

0.5336 


15 

Male 

15 

Abdominal wall 

2.8072 

2.0571 

0.7201 


10 

Male 

43 

Thigh 

3.7411 

2.7E01 

0.9510 

*^5.42 


Female 

30 

Thigh 

1.6T23 

1.27-20 

0.4003 

23.93 

IS 

Male 

29 

Arm 

2.4191 

1.S017 

0.6174 


19 

Female 

45 

Thigh 

1.8691 

1.3S-20 

0.4S71 


20 

Male 


-Arm 

1.0700 

1.2389 

0.4311 

23.81 


-Wcrafre amount of yhrinrmgo, 2i.Si per cent. 


43.60 per cent. The average amount of shrinkage in the grafts taken 
from the abdominal wall was 43.70 per cent ; from the thigh, 43.49 per 
cent, and from the arm, 43.61 per cent. According to our findings 
therefore, a whole thickness graft shrinks a little less than half imme- 
diately after it is cut. 

Half Thickness Grafts.—ln this series of twent}- there were ten 
males asid ten females. The ages ranged from 3 to 45 years. Ten, or 
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half of the grafts were taken from the thigh; three from the abdominal 
wall, and seven from the inner side of the arm. The area of the largest 
graft was 6.5430 sq. cm. before cutting and 5.0323 sq. cm. after cutting. 
The area of the smallest graft was 1.2189 sq. cm. before cutting and 
0.9177 after cutting. The largest amount of shrinkage was 26.6 per 
cent and the smallest, 23.09 per cent, with an average of 24.84 per cent. 
The average amount of shrinkage for the grafts removed from the 
abdominal wall was 24.81 per cent; from the thigh 24.85 per cent, and 
from the arm 24.83 per cent. It was impossible to cut the grafts at a 
uniform depth, which probably accounts for some of the shrinkage. 
Half thickness grafts have an immediate shrinkage of about one-fourth 
after being cut. 


Table 3. — Thick Ollicr-Thicrsch Grafts 


Kum- 


ber 

Sex 

Age 

Source ot Grait 

1 

Jtale 

10 

Thigh 

2 

Male 

21 

Thigh 

3 

Female 

15 

Thigh 

4 

Female 

8 

Thigh 

0 

Female 

17 

Thigh 

6 

Male 

29 

Abdominal wall 

7 

Male 

24 

Abdominal wall 

S 

Male 

21 

Thigh 

9 

Female 

17 

Thigh 

10 

Female 

36 

Thigh 

n 

Female 

30 

Thigh 

12 

Female 

17 

Thigh 

13 

Male 

38 

Thigh 

14 

Female 

30 

Thigh 

15 

Male 

24 

.•Ihdominal wall 

16 

Female 

17 

Thigh 

17 

Male 

52 

Thigh 

18 

Male 

29 

.Abdominal wall 

19 

Female 

19 

Thigh 

20 

Female 

17 

Thigli 


Area in 

Area in 

.Amount ot 

Percentage 

Tracing, 

Free Graft, 

Shrinkage, 

of 

Sq. Cm. 

Sq. Cm. 

Sq. Cm. 

Shrinkage 

3.9194 

3.5077 

0.4117 

10,51 

2.7625 

2.4470 

0.3150 

11.38 

3.3995 

3.]3.)1 

0.2044 

7.77 

4.2463 

3.5089 

0.0474 

15.24 

3.2771 

2.9193 

0.3578 

10.91 

4.3006 

3.8834 

0.4772 

10.9) 

8.5194 

3.1204 

0.3930 

ILK! 

8.9197 

3.4137 

0.5CG0 

n.fo 

2.0540 

1.8192 

0.2354 

n.4i 

3.0004 

2.7117 

0.3487 

13.7’ 

3.7909 

3.1080 

0.0223 

30.41 

3.5447 

3.1414 

0.40.3.'! 

n..37 

4.3210 

3,7430 

0.5780 

13.00 

2.S33G 

2.C00S 

0.2238 

11.48 

3.4949 

3,0995 

0.3954 , 

10,80 

2.2289 

I.OCIO 

0.2079 

12.01 

3!i04G 

2.S4SS 

0.25.58 

5.23 

3.504S 

8.1341 

0.4,307 

lO.Ci 

3.7500 

3.2857 

0.4709 

12.53 

2.5913 

2.2S74 

0.30,39 

11.72 


Averago amount ol shrinkage, 11.81 per cent. 


Thick OUicr-TJiiersch Grafts . — In this scries of twenty tiicrc were 
nine males and eleven females. The variation in age was from S to a- 
years. Four grafts were taken from the abdominal ivali and the 
remainder, or 16, from the thigh. The area of the largest graft w.is 
4.3606 sq. cm. before cutting and 3.8834 sq. cm. after cutting. The area 
of the smallest graft before cutting was 2.0546 sq. cm. and 1.819- .'T 
cm. after cutting. The largest amount of shrinkage was 16.41 per 
cent and the smallest 7.77 per cent. There is a greater lariation 
here than in the other types of grafts. This, we think, is due 
method of cutting, which precludes the possibility of seeming gratt"’ 
absolutely uniform thickness. If case 2 and case 6 were not 
the difference would not he so great, and the average mr t ic - 
would be 12.23 per cent instead of 11.81 per cent, with the maj >n 
the cases falling between 10 and 13 per cent. I he a\cra,,c ain > 
shrinkage for the grafts removed from the abdominal wa w... 

{>er cent and from the thigh, 11.95 per cent. 
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True OlUcr-Thicrsch Grafts— In this series of twenty there were 
eight females and twelve males. The variation in age was from 8 to 51 
years. Three grafts were taken from the abdominal wall and the remain- 
ing seventeen from the thigh. The area of the largest graft before 
cutting was 3.0556 sq. cm. and 3.0353 sq. cm. after cutting. The area 
of the smallest graft was 1.0160 sq. cm. before cutting and 1.007 sq. cm. 
after cutting. The largest amount of shrinkage was 2.00 per cent, and 
the smallest was 0.51 per cent, with an average of 1.24 per cent. The 
average amount of shrinkage in the grafts taken from the abdominal wall 
was 1.08 per cent and in those taken from the thigh, 1.27 per cent. 
This shrinkage is due partly, perhaps, to a normal contracture of the 

Table 4. — True Ollier-Thiersch Grafts 





Area m 

-Area in 

Amount of 

Percentage 

Xum- 



Tracing, 

Free Graft, 

Shrinkage, 

of 

ber Sex 

Age 

Source of Graft 

Sq. Cm. 

Sq. Cm. 

Sq. Cm. 

Shrinkage 

1 Female 

20 

Thigh 

1.9753 

1.7040 

0.2113 

1.00 

2 Female 

IS 

Thigh 

1.7SS1 

1.7.570 

0.0305 

1.70 

3 ilale 

30 

Abdominal wall 

2.4400 

2.43.33 

0.0127 

0.51 

4 Female 

10 

Thigh 

2.1207 

2.C955 

0.0152 

0.72 

5 Male 

.)1 

Thigh 

2.9667 

2.91S4 

0.04S2 

1.02 

6 Female 

20 

Thigh 

1.0903 

1.44,57 

0.2451 

1.45 

7 Male 

30 

.Abdominal u all 

2.2320 

2.1971 

0.0355 

1.59 

S Male 

10 

Thigh 

2.5411 

2.5090 

0.0315 

1.23 

9 Female 

21 

.Abdominal nail 

2.4079 

2.3799 

0.0279 

1.10 

10 Male 

10 

Thigh 

1.0160 

1.0007 

0.0153 

1.50 

11 Male 

51 

Thigh 

2.5542 

2.3034 

0,0505 

1.11 

12 Female 

10 

Thigh 

1.9050 

1.S0C9 

0.03S1 

2.00 

13 Male ■ 

26 

Thigh 

2,1543 

2.1023 

0.2520 

1.10 

14 Male 

14 

Thigh 

2.5679 

2.5501 

0.0177 

0.09 

15 Male 

24 

Thigh 

1.82SS 

1.8103 

0.0185 

1.01 

16 Female 

S 

Thigh 

3.0530 

3.0333 

0.0203 

0.66 

17 Male 

20 

Thigh 

1.60S7 

1.6357 

0.0330 

1.93 

IS Male 

10 

Thigh 

1.4030 

1.4351 

0.0431 

1.73 

19 Male 

16 

Thigh 

2.3470 

2.2193 

0.2183 

0.92 

20 Female 

IS 

Thigh 

1.7475 

1.544S 

0.2027 

1.10 


Average amount of shrinkage, 1.24 per cent. 


cells, but principally to errors made in copying the tracings. Theo- 
reticall}', there should be no measurable shrinkage in these grafts since 
there is little or no elastic tissue in them, and the contraction of the 
cells would be ver}^ slight. Therefore, the whole shrinkage could be con- 
sidered as an error in manipulation. 

COMMENT 

Whole thickness grafts, which shrink most, contain all the elastic 
tissue, with the exception of a few bundles that dip down into the 
hyi»derm. Half thickness grafts, cut through the reticular layer of the 
conum. contain less elastic tissue, since we attempted to leave about half 
of the corium. and consequently they shrink less. Thick Ollier-Thiersch 
grafts, which included the papillae of the corium and which therefore 
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contained only fine elastic tissue in a looser network than the reticular 
layer below, shrink still less. True Ollier-Thiersch grafts, which include 
the epidermis and only the tips of the papillae of the corium, contain little 
or no elastic tissue and practically do not shrink as compared with the 
other types of grafts. From these observations, we feel justified in 
assuming that the elastic tissue in the fibrous bundles is the cause of the 
shrinkage. 

Sections were stained with Weigert’s stain, which is a stain for 
elastic tissue only, and these sections clearly indicated the varying 



Fjg. 8. — Photomicrograpli of a section of a half thickness graft stained v it i 
Weigert’s stain to bring out the elastic tissue. A indicates epithelium, B, conuffl, 
C, elastic fibers. 

amounts of elastic tissue in the different grafts (figs. 3, 8 and 9). ^ The 
sections of the true Ollier-Thiersch grafts did not show elastic 
Age apparently pla3"S no part in the amount of shrinkage o 
grafts. Our series included patients whose ages ranged from 
years, and there was no definite difference in the results. ^ 

The grafts were irregular in shape in order to fill the \anous 
for which they were cut, and so the)' could not be taken m t ic i 
normal tension of the skin. Plowever, the shrinkage ^ r 

same in all directions, as after cutting the grafts relaine le ^ 

the original patterns to a large extent. Inirthermore. le ^ 
appears to be about the same in grafts taken from di icren pa 
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body. Grafts from the arm were taken from the upper inner side of 
the arm. Grafts from the abdominal wall were usually taken from the 
lower right or left quadrants, and the grafts from the thigh were usually 
taken from the upper half of the anterior portion. 


CONCLUSIONS 

The only variable factor in these grafts is the amount of corium 
with its elastic tissue. The whole thickness grafts including all of the 
elastic tissue showed the largest amount of shrinkage, which was 43.60 
per cent. The half thickness grafts consisting of only a portion of the 



Fig. 9. — Photomicrograph of a section of a thick Ollier-Thiersch graft stained 
with Weigert’s stain to bring out the elastic tissue. A indicates epithelium; B, 
papillae of the corium; C, elastic fibers. 

corium with about half of its elastic tissue showed a shrinkage of 24.86 
per cent. The thick Ollier-Thiersch grafts containing only the finest 
network of elastic tissue of the papillary layer of the corium had a 
shrinkage of 11.81 per cent. The true Ollier-Thiersch grafts which 
contained only the tips of the papillae of the corium and no elastic tissue 
had a shrinkage that ranged up to 2 per cent, which might well be con- 
sidered an error of manipulation. 

If this percentage of error is subtracted from the other three results 
we feel justified in saying that whole thickness grafts have a shrinkage 
of 41 per cent; half thickness grafts, 22 per cent, and thick Ollier- 
Thiersch grafts, 9 per cent, while true Ollier-Thiersch grafts have no 
actual shrinkage. 




THE RELEASE OF PERICARDIAL ADHESIONS- 
HUGH H. TROUT, M.D. 

ROAKOKE, VA. 


A review of the literature shows that the operations for the release 
of pericardial adhesions have been rather arbitrarily divided into two 
types: [a) operations that relax the adhesions between the pericardium 
and the surrounding structures, and (b) operations that remove a por- 
tion of the leather-like pericardium from around the heart and release 
the adhesions between the pericardium and the heart, if any such 
adhesions are present. The more one studies the question of adhesions 
of the pericardium, the more one is convinced that these two types 
are but the continuation of the same process. It is unfortunate that 
custom has divided these operations so that they appear as designed 
for two different diseases, when, in realit)', they are designed to meet 
different stages of the same process. It is still more unfortunate tliat 
the names of men should have become attached to these operations. 
The following is a partial list of the many confusing terms found in 
the literature : boning of the wall of the chest for adhesive pericarditis, 
cardiolysis, Brauer’s operation, cardiolysis for mediasternopcricarciitis, 
])ericardiolysis, Rehn’s operation, decortication of the heart, Delorme’s 
operation, Schmieden’s operation, pericardial resection, the relief ot 
obstruction to circulation in a case of chronic constrictive pericarditis, 
precordial resection of the idb for adhesive pericarditis, resection ot 
the pericardium in concretion, resection of the pericardium in accretion, 
precardial thoracectomy. lysis of intrapericardial adhesions, tlioraco!} sis 
praecordiaca. and Sauerbruch’s operation. 

The term “cardiolvsis,” from its derivation (“kardio,’ heart; hsii’. 
loosening), should include all those procedures that have to do uiih 
the loosening of the heart, but usage confines this term to operation, 
for removal of the cartilaginous and bony obstructions to the cardiac 
impulse in cases of chronic mediastinopericarditis. For man} }c<ir. . 
adherent pericarditis has been found at postmortem examination., 
has been diagnosed correctly by clinicians and ineflecti\el} J 

various drugs, as only temporary relief can be obtained b} the eni] 


ment of habit-forming drugs and cardiac rest. 

Churchill ^ quoted ^^'iell as saying the following in IS9a : 

After the adhesions have reached a fibrous stage. tlie\ act iiidcpcnd • ' - 

In^ never (ircatrea 

original cause, and medical therapy is ilIusor\. ' oe 


* Submitted for publication. Dec. 26. 1930. \(l!;e'iv.' 

1. Churchill. E. D.: Decortication of the Heart (Delorme) m . 

Pericarditis. .Arch. Surg. 19:1457 (Dec.) 1929. 
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attempting a debridement in such a case, less perhaps from resignation than from 
the uncertainty of diagnosis. There would be good cause to make an attempt 
of this kind, designed to liberate a part of the heart, the apex for example, and 
the anterior surface .... It will one day come within the province of surgery 
to deliver the heart from the shell which strangles it. 

In 1898, Delorme = stated in detail the operation that he thought 
should be done for the release of adhesions between the heart and the 
pericardium. This is now known essentially as Delorme’s operation for 
decortication of the heart. 

At the meeting of the American Medical Association in 1901, as 
a part of a symposium on pericarditis. Dr. Babcock read a paper on 
“Adherent Pericarditis.” During the discussion follownng this sym- 
posium, Dr. Carl Beck is quoted as having said; “I should like to ask 
Dr. Babcock as to the advisability, in cases of adherent pericarditis, 
of approaching the adhesions with the surgeon’s knife.” As far as I 
can ascertain, this is the first time the question of application of surgical 
measures for the relief of symptoms due to adherent pericarditis was 
raised in America. From this quotation, it must be concluded that 
Dr. Beck \vas most indefinite as to the method of applying “the sur- 
geon’s knife.” 

It remained for Rehn'^ in 1913 to carry out Delorme’s theories. 
Rehn’s four patients were unfortunately selected, as two of them 
were tuberculous and the other two, though benefited, lived only two 
years following the operation. 

Even before Rehn ^ attempted to carry out Delorme’s theories, 
Brauer,® professor of medicine at Marburg, evidently realized that 
so formidable an operation would never be popular, so he proposed 
to Petersen® the removal of the ribs and cartilages that were resisting 
the apparent systolic beat and diastolic tug at the apex. This operation 
is now generally knowir as Brauer’s cardiolysis operation for the release 
of chronic mediastinopericardial adhesions. 

In 1907, Wenckbach " performed the first operation of the Brauer 
type done in England. In 1912, Summers ® performed the first opera- 
tion of this type done in America, for adherent pericarditis. 

A review of the literature up to January, 1930, shows that the 
operation of decortication of the heart for adherent pericarditis has 
been done, or attempted, in thirty-seven cases. Table 1 is a partial 
copy of Churchill’s complete review. To this list I have added one 

2. Delorme, E. : Gaz. d. hop. 71:1150, 1898. 

3. Babcock, Robert H.: J. A. M. A. 37:1578 (Dec. 14) 1901. 

4. Rehn, L. : Berk klin. Wchnschr. 1:241. 1913. 

5. Brauer, L. ; Mtinchen. med. Wchnschr. 4:982, 1902. 

6. Brauer, L.; .A-rch. f. klin. Chir. 71:258. 1903. 

7. Wenckbach, IC. F.: Brit. kl. J. 1:63 (Jan. 12) 1907. 

B. Diim, A. D., and Summers, J. E. : Am. J. M. Sc. 145:74, 1913, 
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Table 1.— Results in Forty-three Cases Follozving Decortication of the Heart for 

Adherent Pericarditis 


Author 

1. Rehn : Berl. Itlin. Wchnschr. 1 : 241, 1913 

2. Rehn: Med. Klin. 16:234, 1920 

3. Rehn: Berl. Min. Wchnschr. 1:241, 1913 

4. Rehn : Ibid 

5. Sauerbruch ; Die Chirurgla der Brustorgane, 

Berlin, Julius Springer, 1925, vol. 2 

6. Sauerbruch : Ibid 

7. Sauerbruch : Ibid 

8. Sauerbruch ; Ibid 

9. Volhard and Schmieden : Klin. Wchnschr, 

2; 5 1923 

10. Volhard and Schmieden : Ibid 

11. Volhard and Schmieden : Ibid 

12. Volhard and Schmieden : Ibid 

13. Volhard and Sebmiedea : Ibid 

14. Volhard and Schmieden : Ibid 

15. Volhard and Schmieden: Ibid 

16. Volhard and Schmieden ; Ibid 

17. Schmieden : Zentralbl. f. Chir. 51 : 46, 1924 

18. Schmieden and Fischer: Ergebn. d. Chir. u. 

Orthop. 19:98, 1926 

19. Schmieden and Fischer : Ibid 

20. Schmieden and Fischer ; Ibid 

21. Schmieden and Fischer: Ibid 

22. Bittroff : MUnchen. med. Wchnschr. 71:517, 

1924 

23. Delageniere; Gaz. d. hop., 1913, vol. 86 

24. Guleke and Lommel : Klin. Wchnschr. 4: 737, 

1925 

25. Kirschner and Matthes : Deutsche med. 

Wchnschr. 62:221, 1926 

26. Koennecke : Miinchen. med. Wclinschr. 74: 

675, 1927 

27. Koennecke : Ibid 

28. Grote ; Mitt. a. d. Grenzgeb. d. Med. u. 

Chir. 38: 556, 1925 

29. Ljungdahl and Tengwall : Acta chir. 

Scandinav. 59:480, 1926 

30. Enderlen: Zentralbl. t. Chir., 1925, p. 589 

31. Lillenthal ; Thoracic Surgery, Philadelphia, 

W. B. Saunders Company, p. 422 

32. Hanebuth and Naegell : Med. Klin. 23: 1253, 

1927 

33. Lawen and Matthes : Deutsclie med. Wcliii- 

schr., 1928, vol. 54 

34. Cutler and Beck in Nelson’s Loose-Leaf 

Living Surgery, New York, Thomas Nelson 
& Sons 

35. Churchill: Arch. Surg. 19:1457 (Dec.) 1928 

36. Delorme and Hallopeau : Progres med., 

1924, p. 457 

37. Delorme and Hallopeau: Ibid 

38. Author’s case 

39. Bigger: Personal communication, 1930... 

40. Bigger ; Ibid 

41. Whittemore : Arch. Surg. 21 : 1059 (Dec.) 

1930 

42. Beck and Griswold: Arch. Surg. 21:1064 


Result 

• ■ Excellent but temporary; tuberculous 

6 Excellent but temporary; tuberculous 

13 Excellent; died of rheumatic fever 

14 Excellent; died 1% years later of 

influenza 

28 Excellent ; well for 11 years 

21 Died 18 days after operation of 
cardiac Insufflciency 

28 Died 24 days after operation of 
cardiac Insufflciency 

39 Excellent ; died in four years ; ren.il 
tuberculosis 

Right ventricle torn ; operation not 
completed 

. . Right ventricle torn ; operation not 
completed 

. . Right ventricle torn ; operation not 
completed 

Weak girl; died soon after operation 

Weak boy; died 14 days after opera- 
tion of tuberculosis 

. . Died ; postmortem examination 
showed heart still encased 


30 

46 

22 

Excellent; patient well for 4 
Excellent; p.atient well for 4 
Died in 3 weeks 

years 

years 

18 

18 

‘5 

Excellent 

Died on table 

Improved 

Improved 


18 

28 

Improved; Talma's operation 
Improved 

later 

27 

Excellent 


22 

Excellent 


21 

9 

No improvement 

Excellent 


20 

Excellent 


46 

19 

31 

Excellent 

Improved for 3 months; died 
Calcifled pericardium; slow recoverj 

24 

Died 1 hour after operation 
Improved 


. . 

Died 1 hour after operation 


18 

16 

Excellent 

Excellent 


7 

29 

25 

36 

Kecovery . . ^ 

Striking improveraent for aa}s, 

injury to right ventricle 

Excellent 

13 

Excellent 



(Dec.) 1930 .. Died in 4 months of tuberculosi 

1 . Eloesser: Arch. Surg., Dec., 1930, vol. i... 

ise of my own, two from the service of Dr. I. A. Bigger, 

E the Vanderbilt University, one from the service of Dr. ' 
.^hittemore, one reported by Beck and Griswold and one ) 

loesser. . 

From table 1 it will be seen that in the forty-three cases 
'gilt operative deaths; in nine cases the operation vas no 
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due to accidents during operation ; in six the patients died in less than 
one month; in fourteen the patients were relieved for over one year, 
the longest period reported being eleven years; in one of the cases 
in which the operation was completed there was no improvement, and 
tuberculosis was found in eight cases. 

I was able to find only fifty-four definite cases in which the bony 
portion of the chest was removed for the relief of symptoms due to 
adhesions associated with mediastinopericarditis. This procedure is 
usually known as the Brauer operation. Table 2 gives the results in 
these cases: 

Table 2. — Results in Fiity-Four Cases Folloiving Brauer’s Operation 


Author Age 

1. Brauer: Verhandl d. deutsch. Gesellsch f. Chlr. 

32:86, 1903 50 

2. Brauer: Ibid 25 

3. Brauer: Ibid 16 

4. Ton Beck: Arch. f. Chir. 77:958, 1904 21 

5. von Beck: Ibid 32 

6. von Beck: Ibid 19 

7. Trempei : Miinchen. klin. Wchnsclir., 1905, vol. 22 22 

8. Meyer-Wistfeid : Ibid 24 

9. Umber: Therap. d. Gegenw, 46: 10, 1905 Adult 


10. Danlelsen: Beltr. z. kiln. Chir., 1906, vol, 51 20 

11. Umber ; Deutsche med. Wchnschr. 33: 1907 42 

12. Wenckbach: Brit. M. J. 1: 63, 1907 14 


13. Urban: Wien. med. Wchnschr. 58: 391, 1908 22 

14. Enzgraber and Schovargenauer ; Arch, d. mal. du 

coeur, 1909, vol. 2 16 

15. Ensgraber and Schovargenauer: Ibid 29 

16. Boynton and Trotter: Proc. Roy. Soc. Med., June, 

1909 16 

17. Soyeslma: Deutsche Ztschr. f. Chir., 1909, voi. 98.. 21 

18. von Toglc: Wien. kiln. Wchnschr., 1909, vol. 22 31 

19. : v> Roy Soc. Med., 1910-1911 26 

20. • med. Wchnschr. 57:729, 1910 32 

21. ■ 49 

22. Schiayer: Ibid 19 
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In addition to these cases, Kob “ reported twelve cases in children. 
While his results were excellent, he expressed the belief that the more 
extensive operation of Delorme might have to be done later in some 
of the cases. He reported no deaths. 

In 1907, Danielsen reported nine cases and was much impressed 
with the necessity of careful selection of cases for operation, particularly 
as regards testing the ability of the heart to improve. 

In 1908, Venus reviewed seventeen cases from the literature, in 
which there was an improvement in every case. 

In 1909, Lecerne reported twenty cases collected from the Euro- 
pean literature. This series showed excellent results in seventeen, and 
no deaths. Mouriguand,^® in the same year, collected eighteen cases 
from the French literature, in sixteen of which the results were most 
successful ; in two the operation failed to benefit, but there were no 
deaths. He expressed the belief that all cases of adherent pericarditis 
may be divided into two classes: (a) those diagnosed before death in 
which no adherent pericarditis was found post mortem; (b) those not 
diagnosed before death in which adherent pericarditis was found post 
mortem. 

In 1910, Roux-Berger reported thirty cases from the European 
literature. In twenty-one of these cases the operation was successful; 
in seven it was a failure and in two the results were only fair; there 
were no deaths. He expressed the belief that before the operation was 
done the myocardium should be tested as advocated by Danielsen. 
Most authors do not agree with this view, for, while the prognosis is 
worse in cases in which the myocardium is affected, the operation offers 
the only possible hope for relief. After the release of adhesions, 
the myocardium has been shown to improve greatly in those cases 
in which the patients had had rest and digitalis previous to operation. 

In 1910, Schlayer reviewed the late results in twelve cases and 
expressed the belief that the immediate good results weie not of Ion,, 
duration. He further expressed the belief that the opeiation vas 
more successful in those cases that exhibited a tendenc}' towai 
development of polyserositis. 

9. Kob, M.: Jahrb. f. Kinderh. 65:643 (June) 1907. 

10. Danielsen, W. : Beitr. z. klin. Chir. 54:458, 1907. 

11. Venus: Centralbl. f. d. Grenzgeb. d. Med. u. Chir. 11:401, 4 , . ^ 

1908. 

12. Lecerne, P. : Arch. d. mal. du coeur 2:673 (Dec.) 1909. 

13. Mouriguand, C. : Lyon chir. 2:781 (Dec.) 1909-1910. 

14. Roux-Berger, J. L. : Semaine med. 30:423 (Sept. 7) ' 

15. Schlayer, K. : Miinchen. med. Wchnschr. 57:729 (Apri 
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In 1922, Klose^® reported operations on sixteen children, seven of 
whom died. He expressed the belief that the results would be better 
if adhesions were prevented by careful management of the child during 
the acute “rheumatic” attack. In four cases he patched the pericardial 
defect with fat and fascia from the thigh. He experimented on 
nineteen dogs and found that a flap of fat worked better than fascia, 
peritoneum or omentum. He further tried A^arious chemicals to prevent 
reformation of adhesions, but came to the conclusion that such were 
useless. From the description of the operation, it would appear that 
he included some procedures for decortication of the heart and some 
for release of the pericardium from surrounding structures. 

It is impossible to state how manj' of the cases reported by Kob, 
Venus, Mouriguand, Danielsen, Roux-Berger, Schlayer and Klose are 
duplicated, and, for that reason, they are not included in table 2. I 
think it is conservative to estimate that over 100 have been reported 
in the literature, though, for the foregoing reason, it is impossible to state 
the exact number. 

Graham stated his belief that there are “literally hundreds” of 
these cases in which surgical relief is not being given. 

For many years adhesive pericarditis has been known to patholo- 
gists, and it is interesting to note the frequency with which the different 
types of pericarditis have been found at necropsies. 

Brooks and Lippencott stated ; 

Morgagni and Vieussens described the obliterative type of pericardium, and 
Corvisant in 1811 noted the significance of the bulging pericardium. Although 
Laennec was familiar with the lesion, he expressed his doubts as to the possibility 
of diagnosis. The characteristic to-and-fro rub of the acute condition was not 
recognized until 1824 by Collis. 

Galen described the absence of the pericardium. A study of the 
literature on the pericardium also discloses a number of cases showing 
various degrees of congenital pericardial deficiencies. In an editorial 
in the Journal of the American Medical Association, Feb. 26, 1916, 
Keno of the Institute of Physiology, University College, London, is 
quoted as having proved that the pericardium was a valuable support 
to the heart. Keno further thought that the heart could be dilated 
almost to the point of rupture if it was overworked after the removal 
of the pericardium. 

16. Klose. H.; Arch. f. klin. Chir. 119:455 (Jan. 1) 1922. 

17. Graham, E. A., in discussion on Alexander, J.; MacCleod, A. G. and 
Barker. P. S.: Sensibility of the Exposed Human Heart and Pericardium '/treh 
Surg. 19:1480 (Dec.) 1929. 

18. Brooks, H., and Lippencott, L. : Am. J. M. Sc., 1909, vol. 138. 
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On the other hand, Moore, in 1925, collected sixty-four cases of 
congenital pericardial defects, and in none of these cases were there 
any symptoms that could be attributed to such defects. The defects 
are found on the left side in the vast majority of cases; in fact, in 
only one of the forty-two cases reviewed was the defect on the right 
side. Moore advanced a most interesting reason for this, based on 
embryology. He concluded that the existence of the pericardium is 
not necessary for the unimpaired function of the heart during the 
normal life. However, he did feel that the pericardium protects the 
heart from adhesions. 

Grant, in 1926, reported finding at necropsy a pericardial defect 
in a man 52 years of age who had worked hard during his life, but 
had not had any cardiac symptoms. Grant came to the conclusion 
that the absence of the pericardium is not a factor in connection with 
cardiac enlargement, and he expressed the belief that the pericardium 
played no part in the support of the cardiac wall. 

Stone reported on 300 necropsies following pneumonia; some 
form of pericarditis was found in 72, or 24 per cent. Fourteen cases, 
or 5 per cent, showed what was classified as “fibrinplastic” pericarditis. 

Hobst found adherent pericarditis in sixty-one cases, which was 
4 per cent of all routine necropsies. It is interesting to know that in 
thirty of these sixty-one cases no valvular defects were found. 

In 1901, McFarland-® quoted Breitung as having collected “324 
cases of pericarditis among the autopsies of the Berlin Charite, between 
the years 1866 and 1876.” He did not give the total number of 
necropsies done during that period. However, 133, or 44 per cent, 
of these cases of pericarditis were found to be of the adhesive type. 

In 1909, Fenton reviewed 150 fatal cases of adherent pericarditis 
and found that in 82 death had occurred from symptoms directl) 
dependent on the heart while in 68 death had occurred fiom symptoms 
not connected with the heart. 

From these and other somewhat similar reports, it may be cone u e 
that adherent pericarditis is not so infrequent as is geneially suppose 
and that the disease has been known for a long number of years. 

19. Aloore, R. L.; Congenital Deficiency of the Pericardium, Arch. Surg. U- 
765 (Nov.) 1925. 

20. Grant, R. T. : Heart 13:371 (Dec. 23) 1926. T A M A. 

21. Stone, W. J. : Pericarditis as Complication in Pneumonia, J. ■ • ' 
73:254 (July 26) 1919. 

22. Hobst, P. F.: Norsk mag. f. laegevidensk. 7:1, 1908. _ p.Wmrditis 

23. McFarland, Joseph: The Pathology and Pathogenesis of 
J. A. M. A. 37:1507 (Dec. 7) 1901. 

24. Fenton, W. J. : Practitioner 81:637 (Nov.) 1908. 
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It is usually regarded that the unknown, cause of rheumatism, or, 
in the nomenclature of today, “arthritis from focal infections, is the 
chief etiologic factor in the production of these adhesions. However, 
in a brief review of some of the literature, I noted that various types 
of streptococci, pneumococci and staphylococci, and of tuberculosis, 
gonorrhea and influenza bacilli, etc., have been reported as being inti- 
mately connected with the causation of adherent pericarditis. 

MacCallum^'" stated that bacteria are usually considered to infect 
the pericardium by the way of the blood stream, “since it is difficult 
to trace a direct extension from pleural infection and such pleurisies 
occur so often without pericarditis.” However, Stone showed that 
pericarditis occurred twice as frequently following pneumonia on the 
left side as it did on the right. Whittemore reported a case of pneumo- 
coccus pericarditis with adhesions. He opened the pericardium (after 
aspiration had failed to give any aid), released adhesions, and after 
liberating pus, closed the incision with drainage; the patient made a 
rapid recovery. MacCallum further stated that “endocardial and 
mj'ocardial infection may also extend to the pericardium.” 

Adhesions are usually the end-results of a defensive process, and, 
therefore, it would be unusual to find any definite organism late in the 
disease. Of course, in purulent pericarditis, all the aforementioned 
bacteria and others have been found. Any one who is interested in 
purulent pericarditis will find this subject fully and most attractively 
discussed by Winslow and Shipley They collected 118 cases of 
suppurative pericarditis and added 10. 

Darrach instituted drainage in a case of purulent pericarditis 
(the type of infection not stated), and the patient remained well for 
two years. Then he returned with an adherent pericardium, from 
which he died. 

There have been six cases of primary tuberculous pericarditis 
reported in literature since 1900. In 1904, Scagliosi found 1 case in 
1,077 necropsies; this occurred in a woman 60 years of age. In 1906, 
McGavean reported a case in a woman 56 years of age. In 1925, 

25. MacCallum, W. G. ; Pathologj', Philadelphia, W. B, Saunders Comnanv 
p. 229. 

26. Footnote 26 was deleted hy the author. 

27. Winslow, Nathan; and Shipley, A. M. ; Pericardiotomy for Pyoperi- 
cardium, Arch. Surg. 15:317 (Sept.) 1927. 

28. Darrach, William, in discussion on Poole, E. H. : Ann. Surg- 73*393 
(April) 1921. 

29. Scagliosi, S.: Deutsche med. Wchnschr. 30:873 (Jub* 9) 1904. 

30. McGavean: Columbus 1,1. J. 30:345 (Tune) 1906. 
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Rawls reported a case. In 1928, Roubier and Langenieux reported 
2 cases. In 1928, Alston reported a case in a man of 70 years. 

In 1909, Gibson made an incision and instituted drainage in a 
case of tuberculosis of the pericardium with apparent success. Gibson 
does not know how long this patient remained well, for he disappeared 
from observation, but he remained free from symptoms for several 
years. 

In 1926, Castex, Carelli and Gonzalez injected iodized poppy seed 
oil 40 per cent in a case of tuberculous pericarditis to determine the 
presence of adhesions. They thought the procedure was of both thera- 
peutic and diagnostic value. 

In 1929, Ackermann injected air and iodized oil into the peri- 
cardial sac of a patient with tuberculous pericarditis and reported much 
improvement in the patient’s condition, 

Thayer reported a case of tuberculous pericarditis in which 1,200 
cc. of fluid was removed by pericardial puncture. Thayer was able to 
follow this case for longer than three years, and after the acute process 
had subsided, an adhesive pericarditis without fluid developed. This 
case would at least suggest that an adherent pericarditis is the end- 
result of a tuberculous process in some cases. 

Brooks and Lippencott stated that the same conditions that are 
found relative to tuberculous pericarditis pertain also to pericarditis due 
to syphilis. 

The older writers often considered pericarditis to be due to some 
toxic condition, and it was in this connection that Bright reported the 
association of pericarditis and nephritis. It is more than likely that 
those cases reported by Bright were cases in which the same organism 
caused both the nephritis and the pericarditis. 

In 1902, MacLachlan published an extremely instructive paper 
on tuberculosis of the pericardium and gave a complete bibliograph).^ ^ 

In 1901, Wells demonstrated 10 cases of tuberculous pericarditis 
in 1,048 autopsies and concluded that this condition developed in about 


31. Rawls. W. B.; Primary Tuberculous Pericarditis, Am. J. M. Sc. 169:81 J 
(June) 1925. 

32. Roubier, C., and Langenieux, J. : Lyon med. 142:213 (Aug. 

33. Alston, J. M.: Edinburgh M. J. 35:116 (March) 1928. 

34. Gibson, C. L.; M. Rec. 76:216 (Aug. 7) 1909; Soc. 

35. Castex, M. R.; Carelli, H. H., and Gonzalez, H. D.: Bull, et 
med. d hop. de Paris 50:217 (Feb. 12) 1926. 

36. Ackermann, W. : Am. Rev, Tuberc. 20:236 (Aug.) - • 

37. Thayer, W. S. : Bull. Johns Hopkins Hosp. 15:149 ' ^^22. 

38. iMacLachlan, W. W. G.: New York State J. Med. t 

39. Wells, H. G.; The Pathology of Active Tuberculosis of the 

J. A. M. A. 36:1451 (May 25) 1901. 
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5 per cent of all cases of active tuberculosis. He further came to the 
conclusion that tuberculosis of the pericardium in the adherent form 
was a rare occurrence. 

Norris, on the other hand, after a somewhat similar study, con- 
cluded that tuberculosis accounted for a large number of those adherent 
lesions. He further considered that these adhesions represented, in 
many instances, healed tuberculous lesions that could not be demon- 
strated by histologic studies, but by inference. 

MacLachlan^^ stated, “It seems rather strange that calcification, a 
cardinal sign of healed tuberculosis, when it occurs in the pericardium, 
very rarely means this disease.” It is interesting to note that the report 
by Cutler and Sosman,-*^ in which they reviewed two cases of calcifi- 
cation of the pericardium, showed that one of these cases was definitely 
tuberculous in origin, while in the other one, they concluded that the 
“process must represent the late stage of healing of the infection.” 
Unfortunately, full clinical data could not be obtained in this case. 

In 1927, Taylor reported a case in which the “influenza” bacillus 
was isolated from the pericardial fluid in pure culture. 

In 1905, Huber ■** reported a case of acute gonorrheal pericarditis, 
and in 1909, Bubis also reported a case of this type. 

The pericardimn and its adhesions do not differ from other struc- 
tures in the late development of calcareous deposits and infiltrations. 
The literature shows ninety-six cases reported. 

In 1923, Case reported ninety cases from the literature, to which 
he added one. In his report he gives a list of all the references. Since 
this time the following five cases have been reported : Schlesinger,^'^ 
one case in 1926 ; Kirschner and Matthes,'^^ one case in 1926; Arnesen,*® 
one case in 1927, and Starch,^® two cases in 1928. In these cases of 
calcareous pericarditis there have been four attempts to remove a 
part of the stonelike pericardium. The results have not been entirely 
successful. 


40. Norris; Univ. Pennsylvania M. Bull., 1904, vol. 17. 

41. Cutler, E. C., and Sostnan. M. C. : Am. J. Roentgenol. 12:312 (Oct.) 1924. 

42. Taylor, Ruth E. ; Influenzal Pericarditis, J. .-K, M. 89:347 (Tulv 30) 
1927. 

43. Huber. F. ; Arch. Pediat. 21:919, 1904. 

44. Bubis, J. L. ; Cleveland M. J., December, 1909. 

45. Case, James T.: Pericarditis Calculosa, J. A. M. .A. 80:236 (Jan. 27) 1923. 

46. Schlcsinger, H.: Med. Klin. 22:11 (Jan. 2) 1926. 

47. Kirschner. M., and Matthes, M. ; Deutsche med. Wchnschr 52:2'^1 (Feb 
5) 1926. 

48. Arnesen, J.; Norsk mag. f. laegevidensk. 88:688 (.Aug.) 1927. 

49. Starck, H.: Mod. Klin. 24:1735 (Nov. 9) 1928. 
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In 1923, LilienthaP® reported a case of calcified pericardium in 
which he attempted to remove the stonelike structure. Before com- 
pleting the operation, he injured the auricle and was, therefore, unable 
to continue. The patient slowly recovered with a persistent sinus tract. 
Lilienthal further stated, “If I were to operate in another case, I should 
begin removal of the calcified pericardium over the cardiac apex gradu- 
ally working up toward the thinner and more dangerous region of 
the auricle.” This patient (personal communication from Dr. Lilien- 
thal) lived over a year. She did not die in the hospital, and no post- 
mortem examination was allowed. 

In 1923, Cutler and Sosman removed a portion of a calcified 
pericardium. This was found to be so difficult as to require the use 
of rongeurs. They found the calcification also involving the myocar- 
dium. The patient died in twent 3 '-four hours. These authors also 
reported two other cases in which on autopsy the calcification was 
found to extend not only to the m 3 fOcardium, but it also involved the 
diaphragm. They mentioned another case in which roentgenoscopic 
examination showed “calcification in the region of the mitral valve.” 
This case gave no “evidence that the calcification has an 3 '- particular 
significance.” 

All the authors who liaA^e discussed calcification of the pericardium, 
since the advent of the x-rays, have stressed the importance of utilizing 
this agent in the diagnosis of this condition. 

With the heart embarrassed by adhesions, it is not surprising to 
find hepatic changes and serous cavities filled with fluid. In these cases 
the liver is usually three or four times its normal size, and the condition 
is sometimes referred to as Pick’s pericardiac pseudocirrhosis. Much 
has been written on the pathologic changes in the liver and othei moibid 
processes associated with chronic mediastinopericarditis and adheient 
pericarditis. An 3 '' one particularl 3 '- interested in such studies is refene 
to textbooks by Pick,®^ Rolleston,®== Hirschfelder,®^ and Smith, all 
of Avhom have written full descriptions of the pathologic changes m 
the various organs, which are due to the cardiac failure dependent on 
pericardial adhesions. 


50. Lilienthal, H. : Thoracic Surgery, Philadelphia, W. B. Saunders Comp . . 
1926, vol. 2. 

51. Pick, F.: Ztschr. f. klin. Med. 29:385, 1896. _ 

52. Rolleston : Diseases of the Liver, Gallbladder and Bile Ducts, 

The Macmillan Company, 1912. Philadelphia, 

53. Hirschfelder, A. D. : Diseases of the Heart and Aorta, ■ > 

J. B. Lippincott & Company, 1913. 

54. Smith, E. S.: M. Clin. North America 4:835 (Nov.) 1920. 
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It is interesting to recall that Rohde produced experimentally a 
stenosis of the vena cava at the site between the pericardium and the 
diaphragm, which gave many of the results of an adherent pericar- 
dium, such as enlarged liver, ascites and polyserositis. 

Before the association between the pericardial adhesions and the 
enlarged liver was as well understood as it is today, it was thought 
that Talma’s operation on the liver might be of value. Clemens®® 
thought that he noticed temporary improvement in the one case in 
which he did this operation. However, Smith reported a case of 
chronic mediastinopericarditis in Avhich Talma’s operation had been 
done without any benefit. These two cases serve to show how it is 
possible for symptoms due to enlarged liver to mislead one unless the 
possibility of an adherent pericarditis is kept in mind. 

Bittrolft' did Talma’s operation on a patient on whom he had 
previously performed the Delorme operation with complete relief from 
the abdominal symptoms. 

It is essential to be able to differentiate between the symptoms due 
to an enlarged liver resulting from myocardial and valvular cardiac 
disorders and those symptoms due to an enlarged liver resulting from 
pericardial adhesions. Some authors stated that when an enlarged liver 
is found and this enlargement is due to the heart and no valvular dis- 
ease is located, then the symptoms must be due to adherent pericarditis. 

AIDS TO DIAGNOSIS 

When the morbid anatomy is so well understood and the operative 
relief so thoroughly described, there must be some reasons why surgical 
aid is not sought more often. I think these reasons may be found in 
the uncertainty and difficulty of diagnosis, as well as in the general 
lack of appreciation of beneficial results of certain operative procedures 
which have not received the credit they deserve. 

The making of the diagnosis of pericardial adhesions does not 
differ from many other diseases in that carefully taken and honestly 
analyzed history is of prime importance. For example, in examining 
a patient who has had some serious infection in youth, such as is usually 
called "rheumatism,” who develops an enlarged liver, is easily exhausted 
and presents no cardiac murmurs, the diagnosis of adherent pericar- 
dium should be given serious consideration. It would be of great 
aid to remember that any infection in youth that continues longer 

55. Rohde, C ; Deutsche Ztschr. f. Chir. 203-204:18, 1927. 

56. Clemens. P. : Munchen. med. tVchnschr. 1:936, 1903. 

57. Bittrolff, R. : Milnchen. med. Wchnschr. 71:517, 1924. 
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than is usual and is unexplained by some more plausible reason than 
“lowered resistance” might have been a pericarditis, which later in 
life produced the symptoms of an adherent pericarditis. 

In 1929, Dr. Evelyn Holt of the cardiac clinic of New York 
Hospital stated that “in 1898 Sir John Broadbent said that the key 
to the solution of the problem of adherent pericardium seemed to lie 
in the investigation of cases of pericarditis which could be kept under 
observation while going on to the formation of adhesions.” With this 
in view, she studied fifty-one cases of chronic adhesive pericarditis in 
children. Only six of these patients are leading a reasonably normal 
life. Twenty-one died within four years, and sixteen are apparently 
growing worse. She was unable to trace eight. It is probable that 
a fairlv large percentage of the six persons who are now leading a 
“reasonably normal life” wdll later develop some type of adhesive peri- 
carditis, and unless a careful histoiy is tak-en, this possibility’’ will be 
overlooked. 

The symptoms are usually insidious in origin and develop slowly^, 
sometimes over a period of years. Frequently the patient complains 
of pain in the region of the heart, and this is often exaggerated on 
exertion. If the disease is allowed to progress, many other symptoms 
are added as the various other organs become involved. 

Musser and Herrmann '■® reviewed 1,720 necropsies, 305 of which 
showed various ty^pes of pericarditis. From a careful analysis of 
the clinical history in 68 of the 305 cases, they felt that death was 
due directly to pericardial involvement. They also produced adhesive 
pericarditis in dogs by^ injecting permutit into the pericardium and 
then observing the dogs for “any^ one or more conditions that would 
invariably indicate pericardial disease.” Their conclusions aie as 
follows ; 

1. It is generally agreed that adhesive pericarditis is raiely diagnosed 
ante mortem. 

2. There are no pathogenic signs found in all cases. 

3. The diagnosis depends in part on the history, to which is a e 

a thorough survey of the physical signs and the electrocaidiOt,iapi 
and roentgenologic examinations. _ . 

4. Experimental pericarditis has not ydelded any' positi^e 

mation. _ . . i . ^j-e 

In neai'ly' one half of the cases of adhesive peiicaiditis tie 

also found either myrncardial changes or cardiac valvulai iseas 

58. Holt, Evelyn; Am. J. M. Sc. 178:615 (Nov.) 1929. _ ^ 

59. Musser, J. S., and Herrmann, G. H.; Chronic Pericar itis, 

87:459 (Aug. 4) 1926. 
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infrequently is there a combination of all three of these complications. 
Occasionally, the patient’s attention is first attracted by the fulness 
and firmness of the abdomen and an enlarged liver. It is possible, at 
this time, that the patient has no edema of the legs. An examination 
of the urine is negative, except possibly for the presence of a little 
bile, and the heart sounds disclose no murmurs. This picture should 
make every physician suspicious of pericardial adhesions. 

Beck and Griswold®® actually “champion diagnostic pericardiotomy 
in selected cases of circulatory failure of obscure cause.” 

It will be of aid to remember that adherent pericarditis is a pro- 
gressive disease, and therefore the symptoms will vary with the type, 
extent and location of the adhesions. At the apex of the heart, there 
is frequently a systolic tug or retraction with a diastolic shock or 
rebound. It is of much importance to note that the apex beat does 
not change its position when the patient is turned from side to side. 
This is even true if the patient is allowed to stand. Regelsberger 
stated that in doubtful cases this diastolic bulging and systolic retrac- 
tion is sufficient to make the diagnosis. Of course, this sign is not 
present when there is a leather-like shell of thickened pericardium 
surrounding the heart, thus preventing any cardiac impulse from reach- 
ing the thoracic wall. If the adhesions are due to a mediastinoperi- 
carditis which has extended to the back, Broadbent’s sign is frequently 
present. This sign is a “visible retraction, synchronous with the cardiac 
systole of the left back in the region of the eleventh and twelfth ribs.” 

Thayer “found the third heart sound and the corresponding 
protodiastolic shock and wave very distinct in adherent pericardium.” 

Pulsus paridoxicus (Kussmaul’s sign) occurs, i. e., the pulse inter- 
mits during inspiration, most often in mediastinopericarditis. This 
may occur in healthy subjects. 

There may be peculiar movements in the great vessels of the neck 
as if the blood current was hindered in its flow; it gives one the 
impression that the ventricle is making an effort to drive the blood into 
those vessels but is prevented from doing so I)y adhesions. Of course, 
these arterial movements may be modified by valvular lesions. In 
recent years this has been shown to be caused by other conditions. 
Curschmann suggested that this condition might be due to pressure 
of the scalenus minimus muscle on the subclavian artery during inspira- 
tion. 

60. Beck. C. S.. and Griswold, R. .\. ; Pericardiectomy in the Treatment of 
tlic Pick Syndrome, .'Xrcb. Surg. 21:1064 (Dec.) 1930. 

61. Regelsberger, H. ; Deutsches Arch. f. klin. Med. 147:129 (Alay) 1925. 

62. Broadbent. William H.; Lancet 2:200. 1895. 

63. Curscbmann. H.: !Mcd. Klin. 18:1521 (Xov. 26) 1922. 
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In referring to cases "when the heart is throttled by a contracting 
pericardium,” Churchill stated that “the most striking single character- 
istic of the picture is marked stasis with a small heart.” 

The cervical veins are frequently dilated in cases of pericardial 
adhesion, and should a tricuspid regurgitation develop, they pulsate. 
A sudden collapse of the veins of the neck during ventricular systole 
is often present (Friedrich’s sign), and when associated with a systolic 
retraction of the intercostal spaces, is a very valuable sign. 

Bigger and his associates, Drs. Burwell and Strayborn, estimated 
“the venous pressure and blood flow determinations” in one of his 
two cases. They expected to repeat these observations after the opera- 
tion, but unfortunatel}^ the patient died. Beck and Griswold esti- 
mated the venous pressure in their case and found that it fell rapidly 
on releasing the heart from its constricting shell. They expressed the 
belief that venous pressure is the most reliable index of a contracting 
and restraining pericardium. 

If the two walls of the pericardium rub at ain' point against each 
other, friction sounds can be heard. De Te3'ssier reported one case 
in which there was a rather small collection of pericardial fluid that 
produced such friction sounds; this observation was confirmed at 
autopS3^ The case was one of tuberculous pericarditis. 

Richter also reported one case of adherent pericardium in which 
he heard friction sounds. Autops3’’ disclosed old blood clots in the 
loose connective tissue of the peidcardial adhesions, to which he 
attributed these friction sounds. 

Another interesting sign was reported b3’’ Riess,'^' namely, loud and 
metallic heart sounds heard over the stomach. Riess attributed these 
sounds to adherence of the pericardium to the diaphragm. 

Apparently, there is no sign in the diagnosis of adherent peiicaidium 
concerning which there has not been contradictory reports. The loent 
genogram and the electrocardiogram are not exceptions. This dis 
crepancy is not hard to understand, for no one person or clinic has ha 
a sufficient number of cases to formulate an3'' definite obserAatiom. 
There has been a sufficient number of cases, however, foi most la^ 
nosticians to feel that b3'- the aid of these two agents the most re la 

information available may be obtained. _ 

In 1923 , Lukin reported a fluoroscopic sign of a paitialh a 
pericardium, which he described as a “rlmthmic tug of a pait o 


64. Bigger, I. A. : Personal communication, Nov. 14, 1930. 

65. de Teyssier, J. : Lyon med. 127:499 (Nov.) 1915. ^ 

66. Richter, E. ; Berl. klin. 3Vchnschr. 45:S21 (April 27) Torta Phila- 

67. Riess, L„ quoted by Hirschfelder : Diseases of Heart and . 

delphia, J. B. Lippincott Company. Pericardium, 

68. Lukin, IST. : A Fluoroscopic Sign of a Partialh - 
J. A. M. A. 81:1952 (Dec. 18) 1923. 
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left dome of the diaphragm near its centre with each systole of the heart 
when the diaphragm was fixed in an inspiratory frame.” This shadow 
disappears entirely in forced inspii'ation, the heart being sepal ated 
from the diaphragm by a clear space, which corresponds to the base 
of the left lung, and the lower edge of which is outlined for the 
greater part of its length against the clearness of the pulmonary tissues. 
The rhythmic tug of a part of the diaphragm with each systole of the 
heart is distinctly visible in that clear space when the phrenum is fixed 
in inspiration because the visceral pericardium is adherent to the parietal 
pericardium, even though in a small degree, and exerts a pull on it 
and through its insertion on the diaphragm with each cardiac contrac- 
tion. 

The patient in whom this sign was observed had recovered from a 
serofibrinous pericarditis nine months previously. Lukin also observed 
the same sign in another patient who had had a “rheumatic endoperi- 
carditis” two 3 '-ears previously. 

In 1924, Holmes published his roentgen observations in sixty 
cases of pericarditis of various types. He stated : 

In the normal heart, it is usuall}'^ possible, under the fluoroscopic observation, 
to differentiate the pulsations of the auricle from those of the ventricle. In 
the presence of pericarditis, and particularly if fluid is present, the pulsation 
becomes diffuse over the entire cardiac area, and it is impossible to distinguish 
the auricular beat from that of the ventricle. While the making of this obser- 
vation requires considerable experience to be accurate, it apparently does not 
occur in any other cardiac condition, and when found must be considered as 
almost pathognomonic. This sign is especially valuable as it is present in adhesive 
pericarditis, as well as pericarditis with effusion. 

We have found that the obliteration or change in the shape of the cardio- 
hepatic angle (Retch’s sign) is more likely to occur in pericarditis with adhesions 
than with fluid, and that it is not a reliable finding in any case. This observation 
has been confirmed by other writers. . . . Other findings, such as retraction of 
the diaphragm with the heart beat, and fixation of the heart within the chest as 
shown by failure to be displaced when the patient is turned from side to side, are 
subject to so much error in observation by the roentgen ray that we have found 
them of little value. 

Holmes concluded by saying : 

From this data it would seem that the roentgen-ray is of considerable value in 
making a positive diagnosis of pericarditis, and that a negative roentgen-ray 
finding make a negative diagnosis probable. 

In the discussion following his paj^er. Holmes concluded : 

I should like to mention the value of the respiratory study of the heart during 
adliesivc pericarditis. In the lateral view, particularly if the mediastinum is 

69. Holmes. G. W. : Some Observations on the Use of Roentgen Rays in the 
Diagnosis of Pericarditis. J. A. M. ,A. 83:1745 (Xov. 29) 1924. 
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involved, the heart may rise with the chest wall instead of dropping with the 
diaphragm during forced breathing. This is a very definite and easily Interpreted 
sign. 

Chantllee and Burrill-Holmes reviewed 100 cases of disease of 
the heart and of the great vessels in the cardiac clinics of the Phila- 
delphia General Plospital, and I quote the following from their report; 

In chronic adhesive pericarditis, the lack of mobility of the apex is visualized 
on fluoroscopic examination and the heart does not show the normal shadow 
separating the shadow of the diaphragm on inspiration. Films occasionally show 
deformity of the pleuropericardial diaphragmatic shadows, and it is probably 
because of tliese adliesions that manj' pleuro-pericardial friction sounds are heard 
clinically. . . .The fluoroscopic stud 3 ' helps explain the low and fixed position of 
the apex seen particularly in mitral stenosis accompanied by pericarditis. 

If the heart is surrounded by a leather-like shell, as it was in the 
case in which I operated, only slight, if any, cardiac movement can 
be seen with the fluoroscope. Of course, if the pericardium has 
deposits of calcium, these can be seen with the fluoroscope and shown on 
the plate, as has been mentioned previously. 

There is normally a change in the form of the electrocardiogram 
on shifting the patient to the right or to the left side. This is due to 
rotation of the heart about a longitudinal axis. The change in the 
height and conformity of the QRS wave in the different leads is the 
most noticeable, though all the waves are affected to a certain degree. 
All three leads are affected but usually only leads I and III show 
marked variation. Dieuaide has made application of this phenomenon 
in the diagnosis of an adherent pericardium. In curves on cases of 
chronic adhesive pericardial mediastinitis this normal change, shift of 
the electrical axis, is absent and is believed diagnostic of the condition. 

In electrocardiograms of abnormalities on patients presenting sug 
gestive signs of adhesive pericarditis other changes may be note 
These are abnormalities of the T wave, low rmltage, notching ant 
slurring of the QRS complex. However, the only change that seems 
directly due to adhesions is fixation of the electrical axis. 

Articles concerning electrocardiographic studies by Poite and a ^ 
dee,~^ Becke, Johiison and Harris,"® Carter and Dieuaide,'^ and ot 
will be found of interest and aid. 

70. Chaudlee, E. J., and Burrill-Holmes, E.; Am. J. id. Sc. 178:364 (Sept.) 
1929. 

71. Dieuaide, F. R. : Electrocardiograms as Aid in Diagnosis of 
Pericardial Mediastinitis, Arch. Int. Med. 35:362 (March) 192 . 

72. Porte, D., and Pardee, H. E. B. ; Am. Heart J. 4:584 „ r'Feb.) 

73 . Becke, W. G.; lohnson, S., and Harris, H. S. : Am. Heart J. : 

1927. . ^2‘219 

74. Carter, E. P., and Dieuaide, F. R. : Bull. Johns Hopkins P 

(July) 1921. 



trout— PERICARDIAL ADHESIONS 


983 


AIDS TO OPERATION 

It is not only essential to make the correct diagnosis of adherent 
pericardium, but also highly important to determine as accurately as 
possible the extent and the location of the adhesions before proceeding 
to undertake any t 3 'pe of operation. Manifestly, if the adhesions are 
between the pericardium and the thoracic wall, the removal of the 
pericardium is both dangerous and unnecessary. On the other hand, 
if the heart is surrounded by a leather-like shell, the removal of the 
ribs will not give the required relief. 

The following is a suggestion, which, as far as I can find, has not 
been used to assist in the release of pericardial adhesions as a supple- 
mentary aid to the Brauer operation. However, since writing the 
foregoing paragraph, I have obtained the following quotation from 
Sauerbruch’s textbook on surgery of the thoracic organs after a search 
of the German medical journals had failed to reveal any such reference; 

In mediastino pericardiatis and tuberculous adhesions which exist between heart 
and lung on one hand and the diaphragm on the other, phrenicotomj^ relieves the 
tension and pulling and frees the patient from disagreeable discomfort. It there- 
fore also serves as an adjunct for the operative loosening of the heart (cardio- 
lysis). One has also thought of combating singultus by elimination of the phrenic 
nerve. 

It is reasonable to presume that the removal of the bony resistance 
in the chest to the cardiac impulses gives relief only in those cases 
in which the adhesions are between the pericardium and the surface 
from which the ribs and cartilages have been removed. There are cases 
in which the adhesions exist between the pericardium and the thoracic 
wall, and also between the pericardium and the diaphragm. It is in 
such cases as these that I believe the removal of a segment of the left 
phrenic nerve wall be of value. 

W'hile I have had no case of chronic mediastinopericarditis in which 
I could try this. I have recently had five cases in which I did avulsion 
of the left phrenic nerve for pulmonary tuberculosis. In each one of 
these cases, the heart shadow was drawn somewhat further than normal 
to the left and adherent to the diaphragm, e. g.. the cardiohepatic 
angle was obliterated (Rotch’s sign) by the tuberculous process. After 
the avulsion of the left phrenic nerve, the heart shadow returned 
markedly to its normal position. .\11 these patients had been in bed 
for months before operation, yet. after the avulsion of the left phrenic 
nerve, there were a decided increase in the blood pressure and a decrease 
in the pulse rate. .Apparently, the cases of pulmonary tuberculosis in 
which a phrenic avulsion has been done on the left side have improved 

o. Saiicrbnicb, E.: Die Cbirurgie der Brustorpanc. Berlin. Tulius Snrinver 
1923. vol. 2. p. 694. 
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more satisfactorily than those in which the right phrenic nerve had 
been avulsed. However, there are so many other factors to be con- 
sidered, that it would be impossible to draw any fair conclusions from 
a comparison of the two sides. 

Cole reported a case done by Johns in which an avulsion of the left 
phrenic nerve had produced marked benefit of symptoms. Further 
relief was obtained by removal of the cartilages of the third, fourth and 
fifth ribs. 

In a personal communication, Dr. John Alexander stated: 

From time to time I have casually wondered whether the results following 
phrenicectomy for tuberculosis should be better upon the right or the left side, 
and because of the press of other things, my curiosity has stopped there, I do 
seem to remember that one or two men in writing (I do not know the references) 
have mentioned a possible swinging of the heart and mediastinal organs toward 
the right side after a left phrenicectomy, and it is quite reasonable to suppose 
that any cardiac disability due to traction of mediastino-pericardial adhesions might 
thereby be relieved. I do not know that anyone has ever suggested the possibility 
of left phrenicectomy being a useful complementary operation together with a 
Brauer cardiolysis, nor do I recall anyone's ever having compared the results as 
between right and left-sided operations. In my clinic there have now been three 
hundred or more phrenicectomies and my casual impression is that the good, 
medium and poor results have been approximately equally divided between both 
sides. I do know that striking results have occurred on both sides. 

Smith stated : 

In one case of mediastinopericarditis we were fortunate enough to obtain 
fluoroscopically definite evidence of adherent pericardium, in our being able to see 
distinctly a tugging upward of the diaphragm with each cardiac systole. . . -We 
have not met with any allusion to this sign of systolic tugging on the diaphragm 
in the literature. . . .It was very apparent, during deep inspiration, that the left 
diaphragm was more or less fixed toward the apical shadow of the heart, being 
pulled upward or tugged in synchronism with each heart throb. . . .These obser- 
vations were observed to be more pronounced following rotation of the patient m 
the semi-oblique position, while the apex shadow was in close proximity to t e 
fluoroscopic screen. 

This (tugging) was accentuated during deep inspiration, forcibly 
pulling the left side of the diaphragm for a distance of at least 3 cm. 
with each pulsation of the heart. 

Hobst did autopsies in two cases in which the Brauer operation 
had been done. There had been great relief from symptoms in one 
case for five years, and, in the other, for four. Then the enlart,e 
liver, ascites, etc., returned, and after frequent tapping of the abdomen, 
both patients died. Necropsies showed dense adhesions betw^n t 
pericardium at the apex and the diaphragm with only slight a esw 
between the front of the chest from which the cartilage la ^ 
removed. The condition of the pericardium rvas not such as vo 
have been benefited by the Delorme type of operation. 
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In 1918, Tremoiieres and Caussade reported twenty cases of a 
condition to which they give the name of “phreno-pericarditis.” The 
symptoms suggested angina pectoris, and the x-ray plates showed the 
heart and diaphragm soldered together. It is possible that a phrenic 
avulsion may have been of some aid in these cases. 

It is also interesting to note that Schmieden,'^' in 1923, warned 
against injury to the phrenic nerve while doing the decortication of the 
heart. Since that time many phrenic nerves have been avulsed during 
the treatment of pulmonary tuberculosis and apparently without any 
serious consequences. In 1926, Schmieden stated that injury to the 
left phrenic nerve was not harmful. 

It should be remembered that operations on the pericardium can be 
done in progressive stages with far greater safety than the previous 
attempts at completing the operation at one time. In chronic mediastino- 
pericarditis with the apex of the heart pulling against the bony chest, 
the so-called Brauer operation should be done first. If this does not 
give sufficient relief, and the roentgenogram shows combating adhesions 
between the pericardium and the diaphragm, then the avulsion of the 
left phrenic nerve should be seriously considered. It is possible for the 
diaphragm to be so fixed by scar tissue that the paralysis of the muscles 
would have but little chance of relaxation. However, it is highly im- 
probable that the diaphragm will ever be so extensively infiltrated with 
fibrous tissue that some muscle tissue will not remain free from such 
invasion. If any muscle is left not involved then a paralysis would 
tend toward some relaxation. It is also reasonable to presume that 
there must be occasions in those cases in which the pericardium is 
adherent to the diaphragm, when the cardiac tug is in an opposite direc- 
tion to that of the diaphragm, either in ascent or descent. In other 
words, if these two organs do not S3mchronize, then there follows a 
conflict when they are bound together by adhesions. Paralysis of the 
diaphragm should certainly give control to cardiac impulses. 

Welles,’’® reported the results on the pulmonary conditions in 271 
cases in which phrenic avulsion had been done. He concluded that the 
lack of motion of the diaphragm before operation, as observed by 
tiie fluoroscope, is not a contraindicatioir to phrenic avulsions for the 
diaphragm becomes elevated in spite of having been apparently fixed 
before operation. 

Of course, neither of these procedures would be of aid in releasing 
the heart from a leather-like shell, but, in such conditions, the pericar- 

Tremoiieres, F., and Caussade, L. : Presse ined. 26:169 (April 4) 1918. 

Schmieden, V.: Klin. Wchnsclir. 2:5 (Jan. 1) 1923. 

Schmieden. V.: Surg., Gynec. & Obst. 43:89, 1926. 

''9. Welles. E. S.: Phrenicectomy in Three Hundred Cases of Pulmonary 
aibcrculosis. Arch. Surg. 19:1169 (Dec.) 1929. 
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dium can be approached in stages, if the patient’s condition either 
requires or permits a graded and cautious deliver)^ In other words, 
each patient is necessarily “a law unto itself,” and the surgical pro- 
cedures will have to be made to fit not only the type and extent of Jtjje 
pericardial adhesions, but also the condition of the patient. 

In operations on the pericardium, the choice of the anesthetic is of 
prime importance, but even more important than that is the selection of 
the proper anesthetist. Personally, I prefer ethylene administered by 
the closed method in thoracic surgery, because it has the following 
advantages : 


(o) It does away largely with psychic shock of a local anesthetic. 

(b) In case the pleura is opened, the opening can be closed and the 
lung expanded from the rebreathing bag. 

(c) With nitrous oxide, the patient with a pulmonary condition 
becomes more cyanotic. 

(d) Ethylene does not apparently tend to “light up” old pulmonary 
lesions as other anesthetics do. 

(e) “Avertin’’ keeps the patient asleep for several hours after the 
completion of the operation and thus allows aspiration into the right 
lung from the compressed left lung. 

In the Brauer operation, the incision is started over the third rib 
about 5 inches (12.7 cm.) from the sternum and carried over the rib 
to the midline of the sternum. The incision goes down the midline of 
the sternum to its juncture with the seventh rib. From this point 
the incision is continued outward over the seventh rib to a point about 
6 inches (15.24 cm.) from the sternum. The skin, fat and pectoralis 
major muscle are dissected up in one flap and the same reflected outward 
so as to freely expose the cartilages of the third, fourth, fifth and sixth 
ribs. These cartilages are remoA'ed so as to leave the bed of the 
perichondrium. It is usually' best to remove about 1 inch (2.5 cm.) 
of the fourth, fifth and sixth rib, but leaving behind the posterior 
periosteum. If the pleura is accidentally' opened, a purse suing suture 
of chromic catgut is placed around that opening, the collapsed lung is 
expanded by' the anesthetist, and when the lung has returned to its u 
capacity, the purse string suture is tightened. If after the remova o 
these bony and cartilaginous tissues there still remains any point at w ic^ 
the cardiac tug meets with resistance, then that resisting tissue 
removed. Frequently this is found to be the sternum, and the same 
be removed safely and easily with rongeur forceps. ^ 

Shipley' recently i^erformed a Brauer type of operation or 
relief of pain due to an aneurysm of the aorta. His patient la 
diate relief, but this relief is most likely only' temporary. 


80. Shiplej', A. M. : Personal communication. 
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In 1925, Hughsonsi resected the fourth, fifth and sixth costal 
cartilages in a case of Hodgkin’s disease. The mediastinal glands were 
so greatly enlarged as to give S 3 miptoms of cardiac pressure. During 
the operation, the patient’s pulse went as high as 180 per minute, but 
on releasing the pressure by freeing the adhesions and “boning the chest 
wall’’ the pulse became very much slower, and the patient’s general 
condition improved. The patient died from the Hodgkin’s disease 
without developing any further symptoms of cardiac pressure. 

In l^^SO, Whitteraore removed the cartilages, opened the pericar- 
dium aiM released some adhesions in a case of extensive cardiac enlarge- 
ment (IlW to valvular disease. This patient showed improvement for 
ten days, and then died. No autopsy was obtained Also in 1930 
Alexander,®® lifted up the sternum and the cartilages in a case of de- 
pressed fracture, with great improvement in the cardiac symptoms. 
He reported one case in which the Brauer type of operation gave much 
relief from the anginoid pain. 

In 1901, Preble reported that aneurysm of the aorta is associated 
with 26 per cent of all cases of pericarditis, which he further stated to 
be “a very high figure when one recalls the comparative infrequency 
of aneurysm.” 

In 1929, Graham did a Brauer type of operation in two cases 
in which the hearts were so large that they could not “help being embar- 
rassed by confinement within a bony chest wall.” Graham stated that 
the results in both of these cases were excellent. Graham further stated 
this procedure was first advocated by Alexander Morison of Edinburgh, 
in 1907. 

By leaving the perichondrium and the periosteum, the chances of 
regeneration of the cartilage and the bone are good, and when this has 
occurred resistance l)y the thoracic wall again develops. For this x'eason, 
some surgeons have attempted to remove the perichondrium and the 
periosteum, along with the cartilages and ribs, and by so doing, have 
greatly increased the chances of perforating the pleura. 

In 1927, Head ®® completed some experimental work on dogs which 
gives great promise of being of much assistance in providing the 
regeneration of ribs. In these experiments he used: (1) the “silver 

81. Hiifihson, Walter; Personal communication, Nov. 28, 1930. 
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nitiate stick ; (2) 50 per cent solution of silver nitrate; (3) concen- 
trated solution of cliromic add, and (4) Zenker’s fluid. He demon- 
strated that anything that would kill the superficial cambium layer of 
cells would prevent regeneration of ribs. Of the four agents, he found 
Zenker s solution the most satisfactory. It is more than possible that 
if a latent infection is present, Zenker’s solution might also help to 
control the same. While I have had no opportunity to try Zenker’s 
solution in doing the cardiolysis operation, I have had excellent results 
with it in preventing the regeneration of ribs in operations for 
pulmonary tuberculosis. 

For the avulsion of the phrenic nerve, only procaine hydrochloride 
is used, A her Jocatijig the nerve, the patient is placed under the duoro- 
scope, and the diaphragm on both sides observed. If the phrenic nerve 
has been correctly located, pinching the same with a clamp will allow 
the diaphragm to rise several inches. When the patient coughs, the 
affected side does not synchronize with the opposite half of the 
diaphragm. After being certain that the phrenic nerve is correctly and 
definitely located, it can be removed. The Alexander clamp is of much 
assistance in twisting out this nerve, for the flange prevents the nerve 
from falling off at the tip. 

If the x-ray plate and the fluoroscope demonstrated adhesions between 
the pericardium and the vertebra, no way has as yet been devised for 
the liberation of such adhesions. 

If it has been determined by the x-rays that the heart is surrounded 
by a thick nonresisting shell, these two operative procedures will be of 
no aid in the relief of symptoms. The removal of the thoracic wall 
(Brauer’s operation) can be utilized as the primary step in the opera- 
tion for the decortification of the heart (Delorme). In fact, if any 
accident occurs, such as the unexpected finding of pus or the punctuie 
of the pleura, the operation can be halted. After the improvement in 
the patient’s condition the next stage in the operative procedure can 
be undertaken. Following the removal of the cartilages, it is advant 
ageous to tie the internal mammary vessels at the second intei space close 

to the sternum. , 

In the approach to the pericardium, it is well to recall the anatom} o 
the interpleural space; “the uncovered pericardial triangle of Voinitci 
Sianojentzky, or the triangle of safety” (Matas). It is some^coffl or 
to recall also that the two pleural reflections surrounding this 
of safety” are apt to be adherent to each other due to the 
infection, and that injurj'- to the pleura will not necessarily mean co ^ 
of the lung. Frequently the pleura can be wiped awa}^ as sugges e ^ 
Cutler, by the use of wet cotton pledgets on the end of ^ ^ 
rule, however, those adhesions require sharp and care u isse 
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Every reasonable effort should be made to obtain full exposure of the 
pericardium before the same is incised. Frequently, it is wise to remove 
a part of the sternum so that the pericardium on the right side of the 

heart can be removed, if indicated. 

Apparently the section of the sternum as advocated by Duval- 
Barasty produces too great a shock to be employed as the incision of 
choice. In 1930, Beck and Griswold «« suggested the possibility of an 
incision in the skin through the center of the sternum with two cross 
arms at each end of this incision. The flaps are then dissected out on 
each side, and the cartilages removed from both sides of the sternum. 
This method would allow the sternum to remain undisturbed, and give 
access to both sides of the pericardium. 

LilienthaP® used the Duval-Barasty midsternal incision in one of 
his cases and obtained excellent exposure. He further called attention 
to the fact that this exposure left the wall of the chest intact. 

Churchill ^ expressed the belief that a flexible precordial area was of 
advantage as the heart is apt to become adherent to the thoracic wall, 
and it would be better to have the heart fixed to a pliable structure than 
to a firm one. 

Schmieden and Fischer suggested a transpleural route through 
the pleural cavity when before operation it has been determined nec- 
essary to release the scar from the left side of the heart. 

In 1910, Heitler demonstrated in experiments on dogs under ether 
that incision of the pericardium showed great disturbance of the pulse 
unless the pericardium was first cocainized with a 10 per cent solution. 
In 1912, D’Agata*® confirmed the observations of Heitler but showed 
that a much weaker solution of cocaine was equally as efficacious. 

Harrigan reported a case of suppurative pericarditis in which the 
heart stopped beating just as soon as an incision was made in the 
pericardium with the liberation of about 1,000 cc. of pus. He con- 
cluded that the behavior of the heart was due to the incision of the 
])cricardium, but apparently did not seem to consider the possibility of 
the effects of the sudden liberation of such a great quantity of fluid. 
Harrigan concluded his report with this jrassage; “If this relationship 
between {>ericardium and myocardium be definitely established, then it 
will be necessary to revise the present technique of cardiac surgery.” 

On the other hand, Capps, in 1927, demon.strated that there was 
no sensation in the pericardium unless the pleura was involved. 

87. Schmieden, V., and Fischer. H.: Ergebn. d. Chir. u. Orthoj). 19:98, 1926 

88. Heitler, M.: Med. Klin. 6:3562 (Tune 19) 1930. 

v89. DAgata. G. : Arch. f. Icliii. Chir. 98:460 (July 8) 1912. 

90. H.arrigan. A. H.: Ann. Surg. 57:367 (March) 3933. 

91. Capps, T. .X.: Pericardial Pain. .Xrch. Int. Xted. 40:735 (Nov.) 3927 
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Alexander, Macleod and Barker had an excellent opportunity to 
observe cardiac sensibility in a patient with purulent pericarditis. They 
concluded : 

When pressure was applied forward against the anterior pericardium and 
thoracic wall, there was some local and referred pain. . . .Pain was also produced 
by sweeping the finger around the pericardial cavity, by pinching, pricking and 
scratching the inner surface of the pericardium. Heat and cold were not 
identified. . . .Our observations do not justify conclusions as to the nerve paths 
concerned in the sensations produced. 

As the sensibility of the pericardium is not definitely established, 
it is safer, if possible and practical, to inject into the same procaine 
hydrochloride. The pericardium is opened just over the left ventricle, 
if the right ventricle is freed first, a fatal tricuspid insufficiency may 
develop. This would, perhaps, be due to the fact that the ventricle 
accustomed to its encasement b)' the leather-like shell, would become 
acutely dilated when this restraint is removed. It. is always well, how- 
ever, when these adhesions are found, to cut the same close to the 
pericardium, and as far away as is possible from the coronary vessels. 
Reference has already been made to the finding of deposits of calcium 
and infiltrations. 

Most authors, who have released hearts from such leather-like shell, 
speak of the manner in which the “heart leaps to freedom” or some 
similar expression. Certainly, in the one case in which I operated, the 
heart was apparently far more anxious to escape than I was to have it 
do so. The pericardium should be removed in strips about 2 cm. in 
width and great care always exercised not to injure the myocardium. 
A piece of pericardium about 7 by 12 cm. should be removed at least 
enough to be certain the heart is free. It is important also to be certain 
that the adherent pericardium is removed from around the gieat vessels. 
This can be best done by removing V-shaped pieces of peiicaidium wit 
the apex of the V toward the ves.seis. It is wise to be certain trere 
are no pockets of pus or adhesions on the posterior wall of the 
This can be ascertained by gently passing the fingers aiound ^ 
the heart. No attempt should be made to free any adhesion wit i 
finger, but exposure should be obtained and the adhesion cut. c isner 
assisted Schmieden in three cases of decortication of the heart an ' ^ 
much impressed with the marked fibrosis that existed not on } o 
pericardium but also of the m5mcardium and the epicardium. 

Beck and Griswold produced Pick’s syndrome by creating a i 
pericarditis with the introduction of surgical solution o c i o 

92. Alexander, J. ; Macleod, A. G., and Barker, P. S. . 

Exposed Human Heart and Pericardium, Arch. Surg. 19. N 0 ( ec. ,\rch. 

93. Ochsner, Alton, in discussion on Ale.xatider : Macleod, an 
Surg. 19:1481 (Dec.) 1929. 
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soda (Dakin’s solution) into the pericardium. All the dogs died unless 
the symptoms were relieved by a partial pericardectomy. They con- 
cluded that the symptoms were produced “by interfering with cardiac 
motion as a tightly fitting glove impairs the free movement of the hand,” 
and not by the adhesions between the pericardium and the heart. 

Myer reported a case of purulent pericarditis in which the heart 
had ceased to pulsate when the pericardium was opened, and the simple 
manipulation of the heart was all that was necessary to start it. 

Parlavecchio found sixteen cases in the literature in which 
autopsies had revealed congenital absence of the pericardium, and in 
none of the cases was he able to trace any symptoms that could be 
attributed to the absence of the pericardium. He also completely 
removed the pericardium from a series of dogs and rabbits, and 
ajiparently there were no ill effects. From these observations, Parla- 
vecchio concluded that the surgeon can feel safe in removing any 
amount of jiericardium as far as the heart is concerned. 

Naturally, the question has been raised concerning the recurrence 
of the adhesions and many various drugs and methods have been tried, 
both clinically and experimentally. None of these seem to have any 
great value and most surgeons simply bring the flap of muscle, 
etc., over the heart. However. Ochsner and Herrmann,'’'’’ in 1929, sub- 
mitted experimental evidence that a vegetable digestant in the pericar- 
dial cavity would prevent the reformation of adhesions. In Schmieden’s 
seven cases, there was no instance in which symptoms could be ascribed 
to the recurrence of adhesions. Sufficient drainage is provided to insure 
tlie prevention of cardiac tamijonade. This drainage should be placed 
at the cardiac apex. 

REPORT OF C.\SE 

Ilistoiy (abstract of case 21595, Jefferson Hospital ). — A white man, aged 29, 
vas admitted to the liospital on June 5, 1927. The family histori' was essentially 
nnimportant. The following history v.as obtained: Tlie patient had had 
the usual diseases of childhood, and had recovered promptly from each. There 
uas no history of any condition that could be considered “rheumatism,” and no 
histor> of an indefinite fever. He had had infiuenra eight years before admission, 
and had recovered apjiarently completely in two weeks. He had never had any 
other acute infections, nor any headaches. The eyes had been normal. He had 
bad an indermite earaclie in childliood. The teeth had been in excellent condition, 
nitli the exceinion of an alveolar abscess two years previously which “cleared up” 
in ten days follow inc drainage He had not had a sore throat nor anv sores in 
the mouth. 

He was Milijcci to occasional colds, about one every winter, which lasted a 
week, and w;is accompanied with cough and expectoration of mucus. He had 

M\er. Willy: .\nn. Surg. 73:5(16, 1921. 

'ks Parlavecchio, G. ; Deutsche Zt«chr, f. Chir. 98:126 (March) 1909 

Ochsner. . and Herrmann. G. R. : Experimental .Surgical Relief of 

^IHrlment.■d!v Produced Pericardial .Xdhc'ious. .\rcb, Surg. ISr.’ro (Tan.) I9:>9 
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had no chronic cough, hemoptysis, night sweats, palpitation, dyspnea and edema, 
and no pleural or precordial pain. His appetite and digestion had been good. 
He had never been troubled with nausea, vomiting or abdominal pain. The 
bowel movements had been regular, once daily, and the stools had never been 
bloody, tarry or clay-colored. The patient had never been jaundiced, and had never 
had hemorrhoids. The genito-urinary trace had been normal. The patient said 
he had never had a venereal disease. 

He had been married ten years. His wife and three children (aged 9, 6 and 
4 years) were living and well. Two children were born dead at term, one seven 
years ago and another five days ago. The cause of death was unknown, but the 
labors were difficult. There had been no miscarriage. 

There had been no neuromuscular disorders. 

The patient had never had any operations or injuries. 

Before his present illness, he drank two cups of coffee daily. He did not use 
tea or alcohol, but chesved tobacco. He bad weighed an average of 190 pounds 
(86.2 Kg.) his best weight being 196 pounds (89 Kg.). He thought that he had 
lost 20 pounds (9 Kg.) in the past three months. 

• Present Illness . — The patient was in excellent health up to three months before 
admission to the hospital or about February 1. At that time he was suddenly taken 
sick with severe cold, cough, fever and some chills, pains in the joints and general 
malaise. This was diagnosed influenza and he went to bed for a week. At the end 
of this time there was still some cough (but no expectoration). He felt much 
better, so got up and went to work. After another week the same symptoms 
recurred, but were somewhat worse than before; this time he remained in bed 
about ten days. Following this attack he was up for a week; then about the 
middle of March a severe earache developed in the left ear, which lasted eight 
days. He continued to feel weak and to have some cough until about four weeks 
previously, when on stooping over he suddenly felt a severe cutting pain and 
choking sensation in the retrosternal region. He said that it felt as though he 
would burst. At first the pain occurred only on stooping over, but later it would 
occur when he was in a recumbent posture, disappearing, however, after a few 
minutes rest. Soon after the onset of the choking, he saw a physician who gave 
him some medicine (digitalis), which he believed did him considerable good. He 
stayed in bed two weeks, at the end of which time the choking had entirely 
disappeared. At the time of admission he had fever, an occasional cough an 
marked weakness, but in general, he felt much better than he did two wee 's 
earlier. There was a little expectoration of mucus, but he had noticed no bloo 
at any time. 

Examination . — The temperature was 101 F. ; pulse rate, 96; respiratory rate, 
22, and blood pressure, 118 systolic and 80 diastolic. The patient was a verj ve 
developed and fairly well nourished man who showed some loss of \yeight. 
did not complain of any pain, and there was no cough or respirator}’’ disuess. 

Skeletal examination gave negative results. There was no 1°^^ 
glandular enlargement. The epitrochlear glands were not felt. le 
face was somewhat flushed. The lips were a little pale, the nail-be s o g 
color, and there was no jaundice or cyanosis. ■ • ted 

There was no tenderness of the sinuses. The sclerae were ^ ^ 

The pupils were equal and regular, reacted to light and contracte 
modation. The ears were normal. The septum was intact anc lere 
nasal obstruction. The mouth was very dirty. The tongue ^ .^yas 

breath had a bad odor. The tonsils were large and inflamed. The tr 
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slightly deviated to the right. There was no tracheal tug. The thyroid was not 
enlarged. The thorax was well developed and symmetrical. Expansion seemed a 
little greater on the right side. 

On examining the lungs the percussion note was resonant on the right ; on the 
left it was resonant posteriorly and at the apex anteriorly. Belo\y the second nb 
and extending into the axilla was a large area of dulness continuous with the 
area of cardiac dulness. Vocal fremitus seemed normal. Breath sounds were 
vesicular throughout, but somewhat diminished over the dull area. After the 
patient coughed a few medium moist rales were heard just medial to the angle of 
the left scapula. The whispered and spoken voice was normal; there was no 
pectoriloquy. 

Examination of the heart revealed that the point of maximal influence was just 
inside the nipple line in the fifth interspace. The apex was not well localized. 
There was no heave. There was no enlargement to the right, and no increase in 
the retromanubrial dulness. The left border of the heart was continuous with the 
dull area extending into the axilla. Sounds were faint. The heart rate was rapid 
hut regular. No murmurs were heard. 

The abdomen was soft, and no mass was felt. The edge of the liver was 5 cm. 
below the costal margin. The spleen was not felt, nor was any tenderness 
elicited. 

The extremities were normal. The rcfle.xes were equal and active. 
Fluoroscopic examinations showed weak cardiac pulsations. The bases of 
both lungs were so filled with fluid as to prevent definitely outlining the diaphragm 
on cither side. The position of the heart did not change with change of position 
of the patient, nor with either forced inspiration or forced expiration. No calcifica- 
tion of the pericardium was seen. 

Tile blood was practically normal. Both Wassermann and ICahn reactions 
were negative. There was 50 mg. of nonprotein nitrogen per hundred cubic 
centimeters. 

Course . — On June 14, 1927, 225 cc. of bloody fluid was aspirated from the peri- 
cardial cavity. Microscopic examination showed numerous red cells, “mainly 
crenated and otherwise deformed,” and a few leukocytes. Guinea-pigs that 
received injections of the fluid gave negative results. 

Between Feb. 1, 1927, and Nov. 30, 1927, the patient's pleural cavity was tapped 
by various physicians between eighty and ninety times. The largest amount of 
fluid removed at any one time was about 2,000 cc. The fluid removed from the 
pleural cavity was always of a clear amber color. Numerous specimens were 
examined in this hospital, but tubercle bacilli were never found. Inoculations into 
guinea-pig.s gave negative results on five occasions— on four occasions when fluid 
from the pleural cavity was used and on one occasion when fluid from the peri- 
cardial cavity was used. Tiie same type of fluid was also removed from the 
abdomen on several occasions (the patient was indefinite concerning the exact time 
and number), .-\ficr one of these tappings, the spleen was easily palpated. 

Of'cratioii (November 30) .—Ethylene anesthesia by the closed method was 
started at 10 •. 15 a. m. and discontinued at 10; 50 a. m. At the beginning of the 
operation, the pulse was ranging between 130 and 140 per minute. The blood pres- 
sure was taken every five minutes for two hours. Cartilaginous portions of the 
third, fourth, fifth, sixth and seventh ribs were removed with about an inch of the 
i'>«rth, fiftli and sixth ribs. In dissecting the pleura, a small opening was made in 
same by accident. A large quantity of amlier colored fluid escaped from the pleura. 
After all fluid was removed, a purse string suture of chromic catgut was placed 
around the opening, and the hmg expanded from the rehreathing bag. while the 
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purse string suture was tightened. There was no interference with respirations. 
About half of the sternum was removed with rongeurs and bone forceps. There 
were numerous adhesions between the pericardium, the thoracic wall and the 
diaphragm. Those between the pericardium and the wall of the chest were cut. 
At this stage of the operation, the pericardium came ipto easy reach. The thick- 
ened pericardium was opened at the apex over the left ventricle. The pericardium 
was about 1 cm. in thickness and very much resembled leather. There was prac- 
tically no fluid in the pericardial cavity. Scissors were employed to enlarge the 
opening. As the opening was being enlarged, the heart began apparently to try 
to force its way out of the thick shell. Then a strip of pericardium about 2 by 
7 cm. was removed. At this juncture, the heart was seen to be held at the apex 
by a strong band of adhesions. This was cut and did not bleed. After the cut- 
ting of this adhesion, it was easy to pass the finger around the ventricles. With 
great care, and with much fear, pieces of pericardium were removed from over 
the auricles and great vessels. These pieces of pericardium were “V” shaped and 
had the apex of the “V” toward the vessels. The walls of the coronary vessels 
looked very thin and care was taken not to disturb them. With the release of the 
heart, there was an almost instantaneous decrease in the pulse rate and an increase 
in the blood pressure. Before the patient left the operating room he expressed the 
greatest relief because he said he could feel that his “heart was free.” 

On his return to his room, relief and progressive improvement continued. His 
blood pressure and pulse rate continued in their improved condition. An electro- 
cardiographic study was not made, because it was thought best to wait until he 
was well enough to go to the electrocardiographic room. He died suddenly on 
the seventh day after operation. Autopsy showed the heart free in the peri- 
cardial cavity. Sections of the myocardium showed many degenerative changes. 
Sections of the pericardium showed tuberculosis. 

SUMMARY 

1. The multiplicity of terms describing different operative pro- 
cedures causes confusion. 

2. A historical review and the results of the various opeiations in 
the literature up to 1930 are given. 

3. As a postmortem observation, the condition has been lecognize 
for many years. 

4. Congenital defects of the pericardium have been found in si.xty 
four cases in which there was no history of an}^ symptoms attributate 
to such defects. 

5. Adherent pericarditis is found in about 4 per cent of loutine 

necropsies. _ • c f 

6. “Acute rheumatic fever” of childhood is the chief etiologic ac o , 

though tuberculosis and other organisms are frequentl)’^ foun to 

the cause. , 

7. Six cases of primary tuberculous pericarditis have b-en repo 

in the literature since 1900. . . t d in 

8. There are ninety-six cases of calcareous peiicarditis 

the literatui'e, and it is probable that such is the lesult o a tine 


invasion. 
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9. The condition is iar more {reqwenl than it is usually thought to be. 

10. Diagnosis is extremely difficult; careful history, physical exam- 
ination, roentgenograms and electrocardiographs are of great aid. 

11. Results of operations justify the plea for more frequent resort 
to surgical measures in spite of the difficulty of diagnosis. 

12. Avulsion of the left phrenic nerve is advocated to supplement 
the Brauer operation, when the trouble is shown to be due to adhesions 
between the pericardium and the diaphragm. 

13. A description of both the Delorme and Brauer operations is 
given. 

14. A case is reported in which the Delorme o])eration was done; 
the patient died on the seventh day after ojDeration. 

Noth. — Since this paper was submitted for publication, one additional case in 
which operation has been done for decortication of the heart has been located. iM}’ 
attention was called to this article by Dr. R. L. Payne of Norfolk. 

The title of the article explains why this case was overlooked; "Sensibility 
of the Heart; A Human Experience,” by George Waugh, William Willcox and 
Felix Rood. This article appeared in the Lancet 2:1054 (Nov. 21) 1925. The 
patient was 21 years old; the operation a remarkable success, and the patient in 
excellent condition live years after operation. The operation was done with local 
anesthesia (procaine hydrochloride and epinephrine), and the authors were much 
impressed with the lack of pain except with traction, on tlie pericardium. They 
compared their observation concerning the insensibility of the heart to the observa- 
tions of Lennander (Uppsala) and Baker (London) concerning abdominal viscera 
which were made about twenty-five years previously. 

Dr. Lawson and Dr. Gardner of Roanoke assisted in preparing the paragraphs 
concerning the electrocardiographic studies, and Dr. Peterson of Roanoke assisted 
in the preparation of references concerning the use of roentgenograms in the 
diagnosis of adherent pericarditis. 



A RARE CONGENITAL DEFICIENCY OF THE 

PERICARDIUM * 

JAMES CRAWFORD WATT, M.D. 

Professor of Anatomy, the University of Toronto 
TORONTO, CANADA 

The specimen presented is that of a very rare anomaly, shovi'ing con- 
genital absence of a separate pericardial sac, the heart being contained in 
the same serous cavity as the left lung. It was obtained by Dr. W. A. 
Burr, who was called to the city morgue to undertake the postmortem 
examination of a middle-aged man who had died suddenly. When the 
thorax was opened, Dr. Burr was surprised to find the heart and the 
left lung occup3dng a common* cavity. As he realized the rarity and 
value of what he had found, he removed all the thoracic viscera, the 
diaplmagm and what remained of the pleural sacs en masse and presented 
the specimen to the department of anatomy of the University of Toronto. 

REPORT OF CASE 

The man from whom these viscera were obtained was aged 52, of medium 
height and well developed. He was unmarried and lived alone and not much was 
known of his habits. The night of his death he was visiting a friend. As he 
felt unwell he arose to go into another room and dropped dead. From his friend 
it Was learned that for about one year previous to his death he had suffered occa- 
sionally from attacks of weakness. He had led a normal, active life, and,^ except 
during the last year, he had not complained of any weakness or disability and 
had been regularly employed in fairly heavy work. Lately his occupation had 
been that of operator of a machine in a box factory. 

The cause of death found at postmortem e-xainination was thrombosis of the 
anterior descending branch of the left coronary artery with an accompanying area 
of soft, degenerated, ventricular muscle. 

The specimen, when brought to the laboratory, was placed in a diluted solution 
of formaldehyde, U. S. P. (1:10) for hardening and preservation. In one mass 
were the thoracic contents : heart and great vessels, trachea, esophagus, hot i 
and the diaphragm, nerves, vessels, glands and parts of both pleural sacs. 
of the latter had been fully opened anteriorly, and most of the costa p eura 
lacking. , 

After preservation was completed, photographs of the viscera ^ 
various aspects (figs. 7 to 10), and the specimen was then thoroug y stu le ■ 

The heart was of moderate size, being somewhat longer than usua 
and had a sharp pointed apex. The organ was shaped like a long, narro 
and was placed much more horizontally in the thorax than is usua 


* Submitted for publication, Feb. 24, 1931. 
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The visceral pericardium invested the heart as usual and was reflected off this 
organ at the entrance or exit of the great vessels. Behind the aorta and pul- 
monary artery was the usual tunnel-like passage from side to side known as the 
transverse sinus (figs. 8 and 10), which had the great veins behind it. In this 
case, the sinus -was situated with its axis running down to the right, owing to the 
fact that the heart was turned so much more than normally into the horizontal 
plane to the left. 

The oblique sinus of the pericardium (figs. 9 and 10) was also found behind 
the heart, opening to the left. This sinus, which is bounded by the reflection of 






A 


6 Left 








Fig. 8. — Anterior view — the upper part of the left lung has een i e 
expose the heart. The anterior part of the left pleura has been drann o'ver 
right. The metal rod passes through the sinus transversus. 

pericardium off the heart at the entrance of the great veins, usually has a \ ' 
opening inferiorly and to the left. In this case, however, the opening w 
narrow, admitting only one finger, but the sinus broadened out some\ 

interior. , ■ peri- 

From the anterior surface of the left pulmonary artery an 

cardium turned directly to the root of the left lung (figs, an , Q„gl,us and 
visceral pleura. Behind the root, the pleura was continuous rom j.gflection 

vessels with the wall of the sac. Below the root of the lung, a 
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of serous membrane (figs. 9 and 10) was continued off the heart as far down as the 
surface of the left ventricle posteriorly, and also a small area of the diaphragm on 
to the medial surface of the lung below the root. This fold was interpreted as the 
lateral ligament of the lung. It was responsible for narrowing the entrance into 
the oblique sinus by extending for some distance below the left pulmonary veins. 

The parietal part of this serous sac was applied to the side of the vertebrae, 
the inner surface of the ribs and the back of the sternum. At the midline behind 
the sternum it turned dorsally (figs. 2, 7 and 8) and passed back toward the 
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Fig. 9. — ^View from the left and somewhat inferiorly. The left lung has been 
drawn away from the heart, and the heart has been elevated so as to show its 
postero-inferior portion. The metal rod runs into the sinus transversus. 


heart, lying in direct contact with the corresponding portion of the right pleura. 
The diaphragm was covered on its upper surface right up to the midline, where 
the right and left pleurae, in contact with each other, were reflected to form the 
mediastinal portion. The cervical dome was normally placed. The right pleura 
showed a normal disposition. 

_ The left lung was most interesting in its arrangement. Fissures passing 
right into the hilus cut it into four distinct lobes, of which the upper two lay 
above and in front of the heart (figs. 1 and 7) and the lower two (figs. 1, 9 and 10) 
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behind the heart. These four were named the upper, middle, lower and sub- 
cardiac lobes. The upper and middle lobes corresponded with the upper lobe 
usually seen on the left side, the fissure between them corresponding with the 
intermediate fissure normally found on the right side, and sometimes on the left, 
separating the normal middle lobe from the upper lobe. 

The lobe called the subcardiac was separated by a deep fissure from the lower 
lobe, in relation to which it lay posteromedially, and was in contact with the 



Fig. 10.— View from the left and somewhat superiorly. The left lung has been 
drawn away from the heart, and the heart has been elevated. 


curved posterior surface of the heart. The lower edge of this lo e t 
insinuated itself slightly between the heart and the diaphragm. 

The right lung, which was larger than the left, was divided into 

three lobes, upper, middle and lower. uement. 

The right and the left vagus nerves were normal in position anc ° 

As the}' passed behind the roots of the lungs and on the esop agus, 
of their course was not to be expected. ^ 

The right phrenic nerve (fig. 2) also followed the usual ^ of the 

of the foot of the right lung, and then passing down over t le ri 
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heart in the connective tissue between the mediastinal walls of the right pleura and 
the left pleura (or pleuropericardium). 

The left phrenic nerve (figs. 2 and 7) was greatly displaced, for instead of 
lying in the mediastinum it had been forced out into contact with the wall of the 
chest and was lying outside the parietal pleura against the deep surface of the 
sternum. 

COMMENT 

The condition just described is extremely rare, and all cases except 
one or two have been found in human beings; the others were found in 
dogs. 

IMoore reviewed the literature to 1925 ; including the case described 
by him, there were sixty-four cases on record at this time. He stated 
that the first case of absence of the pericardium to be reported was 
described by Realdus Columbus in 1559. but it was not believed until a 
second case was reported by Baillie in 1788. In 1874, there were ten 
cases ; in 1910, there were thirty-two cases on record, and in 1925, they 
totalled sixty-four. One additional case was reported b}'- Grant in 1927, 
and my case now makes the sixty-sixth. 

i\Ioore classified forty-two cases, which were well described, as 
follows : 

Group 1 : Heart and left lung in one serous cavity, 59.5 per cent. 

A. With complete absence of separate pericardium. 

B. With rudimentary folds or other evidence of partly separate pericardium. 

Group 2: Heart occupying a pericardial cavity that had a foramen into the 

left pleural cavity, 21.4 per cent. 

Group 3 : Heart lying between the right and the left closed pleural cavities, in 
connective tissue, without a pericardium or only a rudiment at the base of the 
heart, 19.1 per cent. 

Several cases in the last group showed undoubted evidence of being 
produced by an obliterative adhesive pericarditis. The present case 
would be classed under group I A. 

The production of the anomaly in the cases in which there is a 
serous cavity has been explained by various authors (see Moore) in 
several ways, but it seems to me that there should be no doubt in the 
matter, as it can be explained naturally on purely embryologic grounds. 

It will be remembered that at a certain stage of development (figs. 
3 and 4) there is a well marked pericardial cavity still connected by a 
pleuropericardial foramen on each side to the corresponding pleural 
cavity. At about the same level, each pleural cavity is also connected 
by the pleuroperitoneal passage to the peritoneal cavity. 

On its way to the heart, the duct of Cuvier runs in a fold which lies 
lateral to the pleuroperitoneal passage, and from the fold a partition 
grows ventrally to close the pleuropericardial foramen, while another one 
grows dorsally to close the pleuroperitoneal passage. The failure of the 
ventral partition to appear would leave the communication between the 
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pericardial and pleural cavities open (fig. 5). If the defect were 
of sufficient size, part of the heart could protrude through this opening 
and would lie in the pleural cavity, giving rise to the cases classified as 
showing a partly absent pericardium. 

If the heart remained in its cavity and part of the lung growing ven- 
trally insinuated itself into the pleuropericardial foramen and forced its 
anterior margin forward ahead of it, the foramen would be dilated 
gradually until the surfaces of the pleura and pericardium would have 
no fold or division between them and the two cavities would be fully 
opened up into one large combined cavity (fig. 6) holding both 
the heart and the left lung, as seen in the case reported. 

The phrenic nerve lies in the connective tissue between the peri- 
cardial and pleural membranes, in the anterior border of the foramen 
between the two cavities, so that on dilatation of the foramen the nerve 
is carried forwai'd. If the dilatation is complete, as it was in the case 
described, the nerve is finally forced sufficiently forward to be in con- 
tact with the deep surface of the anterior wall of the chest (figs. 2. 6 
and 7), which is the position in which the nerve was found in this 
specimen. 

In only one instance is there a record of the opening persisting 
between the pericardium and the right pleural cavity, and this was in the 
case of the dog described by Moore. The almost universal occurrence of 
this anomaly on the left side is associated with the early disappearance of 
the left superior vena cava. If this occurs too early, it can easily be 
conceived that it may interfere with the closure of the opening alongside 
of which it lies. The failure of closure on the right side in one case, 
however, shows that even the continued i^resence of the vein will not 
absolutely guarantee the appearance and development of the normal 
partition that closes the aperture. Once the opening fails to close, the 
presence of either the heart or a lung in it will enlarge it gieatly an 
expand it so that the two cavities become more or less completely one. 

In reference to age, the cases reported show the widest variations as 
this anomaly has been found not only in fetuses but in many adults, n 
twenty cases in which exact clinical knowledge as to the condition o t e 
heart was obtainable (tabulated by Grant) , the youngest patient ’ 

and the oldest 62 years of age. The anomaly is thus not incompa 

even with the attainment of old age. 

The records also show that the lack of a separate pericar lum 
not necessarily make the person so affected weak or debilitate , or tn 
of these persons showed robust good health and participate m s re 
activity. The patients whose cases were listed were sol lers, lUt 
laborers and office workers. The man whose case is the su jec 
paper was active and hard Avorking, and he reached the a^e o 
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Sex does not seem to have a bearing on the production of the 
anomaly, which was exhibited by members of both sexes of various ages. 

The causes of death were not always cited for the different cases, 
but when noted they often had no reference to any special condition of 
the heart and consisted of such diseases as syphilis, nephritis, pneumonia 
and carcinoma. 

Enlargement of the heart was present in ten of the twenty most accu- 
rately recorded cases, but not all of the patients died of heart failure ; it 
was not present in the other ten cases. Thus, even with absence of a 
separate pericardial sac to support the heart it is not essential for a per- 
son living an active life to have hypertiophy to possess a heart strong 
enough to support him. The heart was not enlarged in the case forming 
the subject of this paper. 

In view of its character as a serous membrane, the pericardium acts 
as a bursa to the heart and provides a free and almost frictionless sur- 
face for its movements. However, owing to the strong fibrous layer 
in the parietal pericardium, it has long been believed and widely taught 
that the pericardium exerts a supporting and restraining influence on 
the heart, preventing undue dilatation in times of sudden strain. Of 
course, long-continued or steadily applied strains will dilate the pericar- 
dium, and the supporting action is done away with under such conditions, 
for it acts to advantage only under stresses of short duration. Thus it 
is that the pericardium does not prevent the dilatation of a heart the 
myocardium of which is weakening. 

Hauffe expressed the belief that during systole, or contraction, of a 
cardiac chamber, the wall of the heart tends to be withdrawn from the 
parietal pericardium. This creates a negative pressure in the pericardial 
cavity, which helps the diastole or expansion of the filling chamber, as it 
tends to expand this chamber and suck blood into it. In this way, he 
looked on the heart and pericardium as a combined force and suction 
pump. 

In the series of cases recorded with absence of the pericardium, 
there were many persons who lived active lives entailing considerable 
physical exertion ; they did not show signs of cardiac weakness, nor did 
they have hearts larger than normal. In these cases the heart was in 
the same cavity as the left lung. The lung could not replace the peri- 
cardium either in its function as a restraining influence on dilatation or 
as something to provide suction to help dilate the chambers in each 
diastole, for the lung is too yielding and lacking in resistance. Both of 
these functions would be interfered with in such cases, as the lung would 
yield and neutralize any change of pressure that was created. 

Therefore, it follows that a separate pericardium is not an essential 
part of the mechanism of the heart. It serves primarily neither for sup- 
port of the heart nor to provide aid in keeping up the circulation, but acts 
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primarily as a serous membrane the important function of which is to 
provide a practically frictionless bursa that will facilitate the movements 
of the heart. This function can also be accomplished quite well with the 
heart in the pleural cavity. 

CONCLUSIONS 

A specimen is described taken from a man, aged 52, who exhibited a 
rare congenital anomaly in which the heart and the left lung occupied a 
common serous cavity. 

This common cavity was produced in embryonic development by a 
combining of the pericardial and the left pleural cavities, through failure 
of the left pleuropericardial foramen to close, followed by its subsequent 
dilatation. 

The left lung exhibited four lobes. 

The left phrenic nerve lay in contact with the deep surface of the 
anterior wall of the chest. 

The failure of the pleuropericardial foramen to close was probably 
associated with the changes accompanying the disappearance of the left 
superior vena cava. 

This is the sixty-sixth case of its kind recorded in 371 3'ears. 

This condition is not incompatible with a long, active life, free from 
any special weakness of the heart. 

A separate pericardium is not absolute]}^ essential to the normal func- 
tioning of the heart. 

The main function of the pericardium is to provide a nearly friction- 
less serous sac to facilitate the movement of the heart. 
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METAPHEN AS A DISINFECTANT OF THE SKIN 


JOHN A. KOLMER, M.D. 

AND 

MALCOLM J. HARKINS, VAI.D. 

PHILADI LPHIA 

During the past year Raiziss, Severac and jMoetsch ^ reported that 
solutions of raetaphen, applied on gauze for five minutes in strengths 
ranging from 1 : 500 to 1 : 2,500, produced complete sterilization of the 
skin of rabbits contaminated with broth cultures of Staphylococcus 
aureus. Streptococcus heuiolyticus and Bacillus subtilis after preliminary 
cleansing. White and Hill,* however, questioned the results on the basis 
that the drug was transferred from the skin to the subcultures in 
amounts sufficient to inhibit bacterial growth in the medium, thereb}' 
leading to the erroneous supposition that metaphen had completely ster- 
ilized the skin. Since they stated that metaphen in the dilution 1 : 500 
cannot be relied on regularly to sterilize normal human skin after an 
exposure of five minutes, and since the subject of disinfection of the 
skin is one of great practical importance, especially in relation to sur- 
gery, we have thought it advisable to repeat the experiments of these 
workers in order to determine the possible sources of discrepancy in 
their reports and in an effort to fix the exact status of metaphen as a 
disinfectant of the skin. 

Our experiments with rabbits were conducted as described by Raiziss, 
Severac and Moetsch. The hair of the abdomen was removed with a 
weak solution of barium sulphide, followed by a cleansing of the skin 
Avith soap and water and the application of metaphen in the dilution 
1 : 1,000 for five minutes, followed by the administration of alcohol and 
ether. The skin was then contaminated with a mixture of equal parts 
of broth cultures of Staphylococcus aureus. Streptococcus hemolyticus 
and B. subtilis and allowed to dry. Cultures were iiwariably positive, 
indicating the presence of Auable organisms. 

Sterile gauze was then saturated with metaphen in the dilutions 
1 : 500 and 1 : 2,500 and applied for five minutes, and cultures were 
made b}'^ rubbing the areas for thirty seconds with sterile swabs moist- 

Submitted for publication, Feb. 28, 1931. 

*From tbe Research Institute of Cutaneous ^Medicine. 
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ened with sterile broth. The tip of each swab was then clipped and 
dropped into bouillon. 

As stated, White and Hill contended that the swabs may carry 
enough metaphen into tubes containirig 10 cc. of broth to prevent bac- 
terial growth. If this were true, it is likely that cultures of the skin 
with moistened swabs held horizontally would pick up and transfer 
more metaphen than swabs held verticall 3 ^ Therefore, we cultured the 
skin in both ways by rubbing for thirty seconds and inoculated not only 
tubes carrying 10 cc. of broth, but likewise flasks carrying 100 and 900 
cc., the latter as emplo 3 "ed b 3 '^ White and Hill, to dilute any metaphen 
carried over on the swabs beyond the bacteriostatic threshold. 

All of our subcultures into tubes containing 10 and 100 cc. of broth 
were sterile, while some in 900 cc. gave growths. Off-hand this would 
indicate that the swabs had transferred bacteriostatic amounts of meta- 
phen to the tubes containing 10 and 100 cc. of broth, but when these 
were inoculated with 4 mm. loopfuls of a twenty-four hour broth culture 
of Staphylococcus aureus at the end of seventy-two hours, all gave heavy 
growths. 

At the same time, we applied metaphen in the dilutions 1 : 500 and 
1 : 2,500 on squares of gauze to the skin of the under surface of the 
forearm of two laboratory workers, as described by White and Hill; 
five minutes later we rubbed the wet areas for fifteen seconds with swabs 
held verticalh' and horizontally and then clipped these with sterile scis- 
sors into tubes containing 10, 100 and 900 cc. of broth. Again the cul- 
tures 10 and 100 cc. showed no grorvlh, while some of those of 900 cc. 
developed growths of B. protcus and B. subtills. However, when the 
subcultures of 10 and 100 cc. were inoculated with Staphylococcus 
aureus at the end of seventy-two hours, heav 3 '^ growths of this organism 
developed. Furthermore, when the 10 and 100 cc. of broth were inocu 
lated with Staphylococcus aureus immediately after the cultures were 
taken from the skin, growth developed as promptly and as heavily as in 
the controls, without exhibiting aity demonstrable degrees of bacteiio 
static activit 3 r due to metaphen carried over on the swabs. 

In this, however, we had a perplexing situation in that our su cu 
tures of 10 and 100 cc. showed no growths and did not exhibit bacteno 
stasis when inoculated wdth 4 mm. loopfuls of twenty-four hour ro 
culture of Staphylococcus aiireus, while some of the subcultures o 
skin in 900 cc. showed heav 3 '^ growths. . , 

Because of these paradoxical results, we then 
twenty additional subjects from the laboratory personne . 
arms were chosen, and preliminary cleansing w^as not enrpo 3 e . 
thicknesses of sterile gauze (5 by 8 inches [12.7 b 3 ’' 20. .. cm. 
saturated with metaphen in the dilution 1 ; 500 in a pan an wer ^ 
ratel 3 ’^ applied to the skin for exaetty five minutes as time 
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watch. Cultures were then made of the wet areas with sterile swabs 
held vertically and whirled about for ten seconds, followed by clipping 
of the ends with sterile scissors into tubes containing 10 cc. of broth 
and flasks containing 100 and 900 cc. In each case, two cultures were 
made into 900 cc. of broth contained in the usual wide-mouthed Erlen- 
meyer flasks and in the narrow-mouthed volumetric flasks, in order to 
reduce to a minimum the chances of contamination with air from the 
opening and closing of the latter. At the end of seventy-two hours of 
incubation, the subcultures showing no growths were inoculated with 4 
mm. loopfuls of twenty-four hour broth culture of Staphylococcus 
aureus as a test for the presence of bacteriostatic amounts of metaphen. 
All cultures showing “no growths” were kept under observation at 37.5 
C. for ten days. The results are summarized in the accompanying table 
as follows : 

1. Cultures were taken from all of the skins with swabs and placed 
in tubes containing 10 cc. of broth before metaphen was applied. All 
gave growths of various organisms, including Staphylococcus albus, B. 
protons, B. subtilis, B. pseud odiphthcriac, B. coli and Sarcinae. 

2. After the application of metaphen, all of the subcultures in tubes 
containing 10 cc. of broth were sterile after seventy-two hours of incu- 
bation. These were then inoculated with 4 mm. loopfuls of twenty-four 
hour broth culture of Staphylococcus aureus, and all gave good growths. 

3. Six, or 30 per cent, of the subcultures in the flasks carrying 100 
cc. of broth from the twenty subjects gave growths including Staphylo- 
eoccus albus, B. subtilis, B. pseudodiphtheriae and Sarcinae. When the 
remaining 14, or 70 per cent, sterile cultures were inoculated with 
Staphylococcus aureus at the end of seventy-two hours, all gave good 
growth. 

4. Eight, or 40 per cent, of the subcultures from the twenty subjects 
gave growths in the wide-mouthed Erlenmeyer flasks containing 900 cc. 
of broth, including Staphylococc^ts albus, B. s^ibtilis, B. pscudodiph- 
thcriae and Sarcinae. When the remaining 12, or 60 per cent, of sterile 
cultures were inoculated with Staphylococcus aureus at the end of sev- 
enty-two hours, all gave good growth. 

5. Five, or 25 per cent, of the subcultures from the twenty subjects 
gave growths in the narrow-necked volumetric flasks containing 900 cc. 
of broth of the same organisms. When the remaining fifteen, or 75 
per cent, of the sterile cultures were inoculated with Staphylococcus 
aureus at the end of seventy-two hours, all gave good growths. 

The occupations of the subjects tested had some influence on the 
results, in that those engaged in “dirt>'” work as laboratory cleaners 
(nos. 5, 7, 9 and 19) showed heavier growths than the remaining sub- 
jects, who were mostly technicians and members of the staff. Indeed, 
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before the application of metaphen, cultures from two of the latter did 
not show growths and therefore are not included in the series ; however, 
it was apparent that the number and kinds of bacteria on the skin had 
some influence on the results, and for this reason tests of these kinds 
conducted in dififerent laboratories cannot be expected to give more than 
approximately similar results. Furthermore, it would appear that the 

Metaphen in Aqueous Solution as a Disinfectant of the Skin 


Results of Cultures After I'oOO Metaphen for Tive Minutes 
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meyer Flask 
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B subtilis 
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B subtihs; 


B subtihs 
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10 
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11 

Staphylococcus 

No growth 
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B pscudodiphth 

No gropth 

B pscudodiphth 

No grow th 

No grow th 

No growth 

13 

Staphylococcus 

No growth 

No grow th 

No growth 

14 

Staphylococcus 

No gropth 

No growth 

No growth 

No growth 

15 

Staphylococcus; 

No gropth 

No gropth 

Staphylococcus 

No growth 

IG 
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No growth 

No grow th 

No growth 

No growth 

17 

Staphylococcus; 
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No growth 
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No grow th 

No growth 

No grow th 

No growth 
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Staphylococcus 

No grop th 
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19 
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20 
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bacterial flora varies in different localities of the skin eten m 
small space, or, at least, that the organisms recoveied in cti i 
vary, probably due in part to their different depths in t le s ' ^ 

this reason, tests conducted with the skins of rabbits ^ nhol and 

scrubbing with soap and water followed by the application o a 
ether and contamination with broth cultures of bacteria may 
to yield more consistent and more favorable lesults, since 
bacteria are on the surface of the skin instead of cni^, 
ing depths. 
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SUMMARY' 

Owing, therefore, to the variables inseparably associated with tests 
of these kinds, only broad conclusions are justified. All things consid- 
ered, it has appeared to us that in the method employed, in which sub- 
cultures are made with swabs, at least 100 cc. of broth is required instead 
of 10 cc. Probably narrow-necked volumetric flasks carrying 900 cc. 
of broth are most acceptable and suitable for the purpose of still further 
diluting any disinfectant carried over on the swabs beyond the bacterio- 
static threshold and for reducing contamination with air to a minimum, 
although the large size and the large amounts of medium required con- 
stitute technical objections when many tests are to be conducted and when 
100 cc. would appear to be su6ficient. Dilution, however, is the chief factor 
since with proper care and technic contamination with air can be largely, 
if not entirely, prevented. As a matter of fact, we opened a number of 
flasks in the same manner and for the same period of time as required 
for making the cultures and in no instance did any of these controls 
show bacterial growths. The use of large amounts of broth for subciil- 
turing is especially required when one is testing such a powerful bacteri- 
cide as metaphen, which Raiziss and his colleagues found bacteriostatic 
for Staphylococcus aureus in dilutions as high as 1 : 20,400,000. 

The results have indicated, therefore, that the 100 per cent “no 
growths” of subcultures in 10 cc. of broth may have been due in part 
to the presence of bacteriostatic amounts of metaphen carried over on 
the swabs, as stated by ^Yhite and Hill, although we had no direct evi- 
dence of this, since all of the cultures seeded sevent\'-two hours later 
with Staphylococcus aureus yielded good growths. We surmised that 
some change may have occurred during the seventy-two hours of incu- 
bation whereb)' the bacteriostatic activity of the metaphen was remoY'ed, 
but in separate tests not included in the foregoing the subcultures in 10 
cc. of broth were seeded with Staphylococcus aureus immediately after 
subculturing the skin, and all gave good growths. Our conclusion, there- 
fore, is that sufficient metaphen may be carried over on the swabs to 
inhibit the growth of living but devitalized bacteria from the skin carried 
over at the same time but insufficient for inhibiting the grondh of 4 mm. 
loopfuls of fresh vital twenty-four hour broth cultures of Staphylococ- 
cus aureus. 

CO^■CLUSIO^'S 

1. The application of 1 ; 500 aqueous solution of metaphen to the 
skin tor five minutes was found to be a highly efficient disinfectant. 

2. In confirmation of the report of Raiziss, Severac and IMoetsch, 
the application of 1 : 500 aqueous solution of metaphen for five minutes 
to the disinfected skin of rabbits secondarily contaminated with broth 
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cultures of various organisms usually resulted in complete disinfection, 
probably because the bacteria were on the surface of the skin. 

3. The application of 1 : 500 aqueous solution of metaphen to the 
unprepared skin of human beings for five minutes resulted in complete 
disinfection in at least from 70 to 75 per cent of persons. In the 
remaining 25 to 30 per cent, disinfection was incomplete, probably 
because of a failure of the disinfectant in aqueous solution to reach and 
destroy organisms located in the depths of the skin in the time allowed. 
Metaphen solutions in alcohol and acetone were not tested. 

4. In 95 per cent of cases, however, the application of 1 : 500 aqueous 
solution of metaphen to unprepared skins for five minutes resulted in 
the comiolete destruction of staphylococci, which are of most importance 
from the standpoint of disinfection in relation to surgery. 

5. The degree of bacterial contamination of the skin influenced the 
degree of disinfectant activity of aqueous solutions of metaphen. 

6. Subcultures of the skin with swabs into 10 cc. of broth, following 
the application of 1 : 500 aqueous solutions of metaphen. were always 
positive when inoculated with staphylococci and failed to corroborate 
the observations of White and Hill in these respects. 

7. However, subcultures of the skin with swabs in 10 cc. of broth, 
following the application of 1 : 500 aqueous solutions of metaphen, appar- 
ently transfer sufficient of the compound to prove bacteriostatic for 
devitalized organisms. 

8. Therefore, in tests of the bactericidal activity of metaphen on the 
skin, subcultures should be made in 100 cc. or larger volumes of bioth, 
as advised by White and Hill. 



THE DISCHARGE OF BILE INTO THE DUODENUM 

AN EXPERIMENTAL STUDY* 

CHARLES B. PUESTOW, M.D. 

Fellow in Surgerj', the Mayo Foundation 
ROCHnSTER, MINX. 

The mechanism of biliary secretion and flow has been studied 
extensively for many years, yet some phases of it are not fully under- 
stood. This is due in part to the difterences of opinion regarding the 
anatomy of this region and also to the difficulty of securing convincing 
experimental information without interfering with normal physiologic 
processes. The liver normally secretes bile continuously, although the 
rate is variable. The flow from the common bile duct into the duo- 
denum, however, is interrupted. Most anatomic studies have shown 
the presence of a muscular arrangement at the duodenal end of the 
choledochus, which could act as a sphincter, and many physiologic 
experiments and hypotheses concerning a sphincter mechanism of the 
choledochus have been made. The studies have not all been concordant. 
The object of the present experimental study was to observe directly 
the flow of bile into the duodenum in the intact animal and thus attempt 
to determine the mechanism controlling the discharge of bile. Most 
previous direct observations of this mechanism have been made as acute 
experiments on anesthetized animals. Under such circumstances normal 
physiologic processes are likely to be disturbed. To eliminate such 
complicating factors, an operative procedure was devised that so 
exposed the duodenal orifice of the duct as to permit long and varied 
observations under different physiologic conditions in intact animals. 
Animals thus prepared remained in a seemingly normal condition for 
many weeks or months after operation. The anatomic derangement 
may have made some physiologic changes, for which, of course, allow- 
ance must be made. The experiments were concerned only with the 
direct observation of the duodenal orifice of the duct, its action and 
the flow of bile from it and with notation of the influences of other nor- 
mal physiologic processes and of various substances administered orally 
and subcutaneously and applied locally to the exposed duodenal segment. 
After the satisfactory termination of these observations, cholecystec- 
tomy was performed, and the effects were noted. 

* Submitted for publication, Feb. 28. 1931. 

* Abstract of thesis submitted to the Faculty of the Graduate School of the 
University of Minnesota in partial fulfilment of the requirements for the decree 
of Ph.D. in Surgery, 1930, 
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In 1861, Glissoii^ first mtimated the existence of a sphincter at 
the duodenal end of the choledochus. Such a structure in man and 
in many animals has been carefully studied by Gage,^ Ocldij^* Hen- 
drickson,-* Letulle and Nattan-Larrier,= Helly,® Rost," Job ® and others. 
Doyon” and Freeze concluded that the great splanchnic nerves contain 
the motor fibers to the biliary tract. Contrary to this opinion, Courtade 
and Guyon,** Bainbridge and Dale,*- Lieb and McWhorter*^ and 
Mann considered the vagi to be the motor nerves to the biliary 
passages. A theory of contrary innervation, causing simultaneous con- 
traction of the gallbladder and dilatation of the orifice of the chole- 
dochus, has been advanced at various times by Foster and Doyon and 
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Meltzer and further supported i)y Mc^Iaster and Liman.’' On the 
other hand, the experiments and ol)serYations of Winkclstein and 
Aschner,’'^ Burget,”' Chiray and I'avclr" W'hitaker"' and 13erg -- have 
led them to conclude that contrary innervation does not control the 


flow of bile into the duodenum, or at least it is not an important factor. 

Nearly all observers agree that a constricting force is cfl'cctivc at 
times in closing the duodenal end of the common bile duct. Many 
believe this to he the action of an iwlependcnt sphincter. Some observ- 
ers believe that the tonus of the duodenal musculature is an im]>ortant. 
if not the most important, element of resistance. Numerous ex))eri- 
ments have shown that the sphincter in animals possessing a gallbladder 
will withstand a pressure equal to that of a column of water from 100 
to 625 mm. in height. Many factors influence the tonus of the sidiinc- 
ter. Removal of the gallbladder, feeding of the animal and the applica- 
tion of acids and certain drugs to the duodenum tend to reduce it, 
while fasting the animals and the apjdication of alkalis to the duodenum 
tend to raise it. 

\’arious methods have been used to study the sphincter action at 
the duodenal end of the choledochus and its relation to the flow of 
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bile. The duodenum of anesthetized animals has been incised opposite 
the papilla so as to expose the papillary orifice, and various experiments 
have then been performed. Rost inserted a cannula into the duodenum 
of dogs and thus studied the flow of bile into it before and after 
cholecystectomy. The studies here presented substantiate many of 
his observations. A cannula has been inserted into the common bile 
duct toward the duodenum and the sphincteric action studied by the 
resistance offered; duodenal tubes have been inserted in order to 
detect the presence or absence of flow of bile; the sphincters have 
been abolished in some animals, and the reactions of such animals 
have been compared with those of animals with intact sphincters. 
McWhorter ,-■* by cutting the distal mucosa, and Burget, by severing 
and transplanting the distal end of the duct, did not note any effect 
on resistance of the sphincter ; however, this resistance had been lowered 
by laying the duodenal portion of the duct wide open."® Burget cocain- 
ized the orifice of the duct to eliminate any action of the sphincter 
that there might be, and noted the resistance then offered at the duo- 
denal end of the duct and the effects of various drugs on it. He con- 
cluded that the function of the duodenal sphincter had been 
overemphasized, and that duodenal tonicity and peristalsis are signifi- 
cant in the regulation of the flow of bile. 

The chief functions of the sphincteric action at the duodenal end 
of the choledochus are generally agreed to be: regulating the flow of 
bile into the duodenum, preventing back flow from the intestine into the 
duct and serving as a factor in the filling of the gallbladder Respira- 
tion, peristalsis and activity of the gallbladder have also been considered 
significant in the discharge of bile into the duodenum. Effects of 
various foods and drugs on the flow of bile have been studied exten- 
sively. Pavlov noted that the administration of fat, meat extrac- 
tives and gastric digestive products of white of egg was followed by 
a free flow of bile. Boyden noted the emptying of the gallbladder 
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after a meal of fats and believed the regulatory action of the sphincter 
to be important. Many observers have noted that the passage of acid 
chyme into the duodenum or the application of dilute hydrochloric 
acid to the region of the papilla produces flow of bile into the duodenum. 
An extensive survey of the literature and some personal observations 
on the anatomy and physiology of the duodenal end of the cholcdochus 
were reported by Giordano and Mann."" 

METHODS OF EXPERIMENTS 

All operative procedures were carried out on dog.s under ether ane.sthesia and 
with aseptic technic. The object of the surgical operations was to expose an 
isolated segment of duodenum containing tlic intramural portion and orifice of the 



choledochus in such a manner that the discharge of bile into the duodenum and 
the phenomena taking place at the orifice of the ampulla of Vater could be observed 
directly in intact animals. The intestinal tract was so rearranged that its content 
did not come in contact with the isolated segment of duodenum. The main pan- 
creatic duct continued to empty into the intestine. Various procedures were 
employed to accomplish this, but it was found that the best results could be 
obtained by a three-stage operation, the technic of which is as follows ; 

First Stage {Fig. 1, a). — In this stage the pylorus is divided, the duodenal end 
is closed, and the upper part of the jejunum is united to the stomach. To accom- 
plish this, either an anterior Polya operation may be employed, or after section of 
the pylorus and closure of both ends, gastrojejunostomy may be performed. 
Several weeks are allowed to elapse for the animal to recover fully. 

Second Stage {Fig. 1, &).— The abdomen is again opened in the median line. 
The lesser pancreatic duct is isolated, cut close to the duodenum and evulsed. As 

29. Giordano, A. S., and Mann, F. C. : The Sphincter of the Choledochus 
Arch. Path. 4:943 (Dec.) 1927. 
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this duct opens into the duodenum with or close to the orifice of the choledochus, 
it is destroyed to eliminate any complicating factors that pancreatic secretion might 
produce in later observations. T])e pancreas is separated from the duodenum for 
a slight distance proximal and distal to the entrance of the choledochus into the 
bowel, and the abdominal muscle and layers of fascia are closed through these 
openings under the duodenum. The skin is closed over the duodenal segment, and 
the animal is allowed to recover. 

Third Stage {Fig. 2). — ^The skin is incised or'er the bulging duodenal segment 
and dissected from it. The duodenum is opened longitudinally opposite the orifice 
of the choledochus. The papilla of Vater and that of the main pancreatic duct 
are located, and the duodenum is divided midway between them. The distal end 
of the duodenum is closed, care being taken not to obstruct the main pancreatic 
duct. The edges of skin are trimmed away from the remaining duodenal segment. 



Fig. 2. — Third stage of operation : a, division of the duodenum between the 
papilla of Vater and the main pancreatic papilla; b, an isolated duodena! segment, 
showing the line of incision, and c, operation completed; the edges of the no ena 
segment were sutured to the surrounding skin. 

This segment, which contains the intramural portion and orifice of 
has already been opened. Its edges are sutured to the surrounding s "in. s 
cient care is used in this stage of the operation, the peritoneal cavitj nee 
entered. . , ., 

Observations were usually started several days after the completion ° 
operative procedures. The experiments were concerned only wit i irec o 
tions of the exposed duodenal segment, the orifice of the 
flow of bile from it. Studies were made with the animals in iitaneously 

fasting states, and the effects of substances administered oral y an sti 
and applied locally to the exposed duodenal segment were note . opera- 

After the animals had thoroughly recovered from the third ° rfmvincing 
tion and had been observed for a length of time sufficient to o ai j,gotus 
data, the gallbladder was removed. This was done througi a n 
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incision the exposed portion of the duodenum and the choledochus being disturbed 
as little' as possible. After recovery from this operation, similar studies were made 
to determine the effects of cholecystectomy . 


RESULTS OF EXRERIMEXTS 

Observations on the series of animals that had a segment of duo- 
denum containing the orifice of the choledochus exposed on the 
abdominal wall revealed certain constant physiologic phenomena. These 
.will first be considered under various conditions in animals with the 
gallbladder intact. 

After a fast of twelve hours or longer bile did not flow from the 
orifice of the choledochus during hours of observation. This was 
constant in all but two animals observed. Later exjiloration in one 
of these revealed a diseased gallbladder and a markedly dilated 
choledochus. In the other animal bile did not flow in the fasting 
state in early observations but later, particvfiarly after catheteriza- 
tion of the choledochus, there was a moderate flow, at times, of 
3-ellow bile. One or two other animals occasionally expressed a drop 
of bile during violent muscular straining, but none was noted at 
any other time. The orifice of the choledochus was usually closed 
in the fasting state. However, this was not a constant observation. 
Frequently when the exposed duodenum contracted, the orifice dilated 
to var3'ing degrees and gradually closed again. If the intestinal segment 
was very active, the ampulla would frequently remain open. On a 
few occasions visible dilatation occurred when intestinal activit3’’ was 
not observed. 

The exposed segment of duodenum usually showed very little activ- 
ity when the animal was deprived of food. At times mild contractions 
were visible; strong contractions seldom occurred. Often fairly long 
periods would elapse without visible activity. On a few occasions, 
when there was audible borborygmus, the exposed segment became 
more active. The mucosa was usually pallid or only slightly h3q3eremic. 
The amount of duodenal secretion was not great. By passing a catheter 
attached to a manometer through the orifice of the duct into the chole- 
dochus, the intraductal pressure was found to be from 140 to 170 mm. 
of bile. 

Feeding produced marked and constant changes. There was almost 
invariably a flow of bile from the orifice of the choledochus. The 
bile was usually dark brown and viscid. Generally an initial flow 
occuned either at the sight and smell of food or during its ingestion. 
The bile oozed steadily and profusely for from one to three or four 
minutes and then the flow ceased partially or completely for from ten 

to twenty minutes. During that time, there was little duodenal 
activity. 
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A secondary profuse flow of dark brown, viscid bile began from 
ten to twenty minutes after feeding. It usually occurred as steady 
oozing which lasted from a few to fifteen minutes. The flow 
then occurred in brief oozes and spurts, gradually diminishing in 
amount and frequency after the first half to one hour and generally 
almost completely ceasing after from three to four hours. The bile 
gradually became lighter in color and less viscid. Occasionally the 
primary flow continued without interruption. On some occasions, the 
flow did not occur until from fifteen to thirty minutes after feeding, 
when it began and continued for several hours. 

The relationship of other physiologic processes to flow of bile 
after feeding was studied. Immediately after operation and for the 
following week or ten days, spurts of bile were definitely related to 
respirations. Series of from two to twelve spurts would occur on suc- 
cessive respirations, with intervals of several minutes between such series. 
Deep inspirations were accompanied by large outpourings of bile. 
Gradually, as the duodenal segment recovered its tonus and activity, 
spurts of bile became less related to respiration and finally seemed 
to be scarcely influenced by it. 

During the first week or ten days after operation, the exposed 
duodenal segment did not show visible activity. Gradually it regained 
its tonus and activity, and attained maximal recovery from two to three 
weeks after operation. After this time it was fairly consistent in its 
reactions. As has been noted, it showed little activity in the fasting 
state. Feeding sometimes produced an immediate increase of contrac- 
tions for a ferv minutes, but generally it did not. During the first 
ten to twent}' minutes after feeding, there was little visible change. 
During this time, bile usually oozed steadily ; then the segment became 
more hyperemic and gradually increased in tonus and activity. Soon 
definite peristaltic waves could be seen. These contractions usuall} 
increased the quantity of bile into accompanying spurts. The amount 
of duodenal activity gradually increased and reached a maximum about 
half an hour after feeding. The flow of bile became more interrupte 
occurring chiefly in spurts; these frequently were associated witi con 
tractions. However, all duodenal contractions were not accompam 
by spurts of bile. Sometimes a discharge of bile would occur w le ^ 
there were no duodenal activity and no other visible stimulus, 
a peristaltic contraction, the segment of bowel sometimes app 
to relax ; the orifice dilated, and bile would pour out for severa 

Muscular straining sometimes produced small spurts o i 
muscular movements usually had no effect. Active stretcung 
animal or straining sometimes caused bile to be dischar5,e , 
after feeding. 
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Psychic factors appeared to have some effect on the flow of the 
bile. In the fasting state excitement did not promote flow. The smell 
of food sometimes caused considerable outpouring of bile, and the 
primary discharge of bile with feeding must have been of psychic or 
reflex origin, as it began often before the meal had reached the 
stomach. Excitement sometimes delayed or inhibited the flow of bile. 
On one occasion, an animal that regularly expressed bile after feeding 
showed no flow of bile for an hour after the meal. During this time, 
several strangers were oiiserving the animal and appeared to distinb 
him. Five minutes after the strangers departed, the animal became 
quiet and bile flowed profusely. 

After a meal the orifice of the choledochtis was usually patent. 
It would dilate with the spurting of bile and would remain open if the 
duodenum was active and spurts of bile Avere frequent. When the 
flow of bile and duodenal contractions diminished or became more 
interrupted, the orifice closed partially but not completely. 

These responses to feeding were the usual observations following 
a meal of egg yolk and cream. Lean horse meat produced a rather 
similar response with some variations. Frequently the initial flow did 
not begin until from fifteen to thirty minutes after feeding. The bile 
often appeared lighter in color and less viscid than after a meal of fat. 
The flow of bile usually lasted longer after a meal of meat, and the 
quantity of hepatic bile was greater. Skimmed milk was followed by 
a flow of bile similar to that produced by lean meat. The eft’ects of 
various t)'pes of foods on duodenal activity appeared to be the same. 
Water administered by mouth stimulated the exposed duodenum to 
increased activity, but did not produce a flow of bile. A saturated 
solution of magnesium sulphate administered by mouth was followed 
by violent contractions of the exposed duodenum and active purgation 
of the animal, but bile was not expressed. A meal of fat administered 
three hours later Avas followed by an immediate flow of brown, viscid 
bile. 

After standardizing the responses of animals to A'-arious conditions 
and test substances, cholecystectomy was performed. Removal of the 
gallbladder Avas folloAved b)^ definite changes in the fioAV of bile. In 
the fasting animal there Avas a constant floAV. The bile Avas usually light 
m color and Avatery, ' but became someAvhat darker, thicker and more 
scant as the fast was prolonged. It floAved in spurts and brief oozes 
associated Avith many factors. Respirations, especially if deep, often 
Avere associated AAdth spurts of bile. Slight muscular effort produced 
similar results. Actir'e stretching of the animal often Avas accom- 
panied by considerable outpouring of bile. Duodenal contractions were 
also contributory causes of spurts of bile but Avere not significant 
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in the fasting state because the exposed segment showed little activity. 
The orifice of the choledochus was almost constantly patent. Feeding 
had the same effect on the exposed duodenum after cholecystectomy 
as with the gallbladder intact; that is, it produced a gradual increase 
of activity, secretion and hyperemia. It had very little effect on the 
flow of bile. There was no initial or subsequent outpouring of brown 
bile. For the first half hour the flow appeared similar to that before 
feeding, except that as the duodenal segment became more active spurts 
of bile became more related to this activity. However, there did not 
seem to be as close a relationship between peristalsis and spurts of bile 
after removal of the gallbladder as before it. The amount of bile 
gradually increased, and the color became somewhat lighter after a 
meal of lean meat. This was true to a much smaller degree after a 
meal of fat. 

The intraductal pressure in the choledochus of the fasting animal 
after cholecystectomy was greatly reduced. Twenty-four hours after 
operation the pressure was found to be only from 20 to 30 mm, of 
bile. Subsequent readings showed a slight rise of pressure, but read- 
ings taken several months after cholecystectomy Avere never higher 
than 60 mm. of bile. 

A^arious solutions were poured over the exposed segment of duo- 
denum and the papilla of Vater in an effort to elicit any effects of 
local stimulation. The temperatures were varied, but this seemed to 
make little difference. Most solutions were used at body temperature. 
The following results were noted. Distilled water usually had no 
effect, though occasionally it stimulated duodenal contractions. 
Physiologic solution of sodium chloride acted similarly, but seemed to 
excite duodenal contractions more frequently. A solution of 25 per 
cent magnesium sulphate had an inconstant stimulating effect on the 
activity of the duodenal musculature but no evident independent action 
on the orifice of the choledochus. Usually bile did not Aoav 
use, but occasionally there were a few spurts of yellow bile. 
hydrochloric acid seemed to have a more constant stimulating e ect 
on duodenal contractions, and its use was followed more frequent y 
by small spurts of yellow bile. Alkalis in the form of dilute so lUi 
hydroxide and sodium bicarbonate had no visible effect on the uo enu 
or orifice and did not promote flow of bile. Mechanical * 

in the form of sponging was followed by contraction of the no 
segment and orifice of the choledochus but never by the . 

bile. The intravenous administi'ation of bile salts Avas ® ^ 
half an hour by a profuse flow of light yelloAV, Avatery 
lasted more than three hours (figs. 3 to 6). 
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COMMENT 

It is difficult to determine what effect the anatomic sectioning 
and reconstruction, as performed in these experiments, had on the 
innervation and function of the extrahepatic biliary tract and the isolated 



Fig. 3.— Animal in fasting state. The orifice of the choledochus is patent, but 
there is no flow of bile. 



Fig- 4. — Same animal as in figure 3, fifteen minutes after the meal of fat. 
Dark brown bile is flowing profusely from the orifice of the choledochus. 

segment of duodenum. Most of the vagal branches of this region 
were divided, but the sympathetic nerves that follow the hepatic artery 
were left intact. However, as apparently normal activity returned to 
the exposed segment of bowel and as the flow of bile responded to 
stimuli in what is thought to be a normal manner, it seems justifiable 



Fig 5. — Exposed segment of duodenum. Animal in fasting state. The segment 
is rela.ved, and there is no flow of bile. 



Fig, 6 . — Same animal as in figure 5, after a meal of fat. 
ment shows an increased tonus, and bile is flowing from t e on 
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to assume that normal physiologic processes were not greatly disturbed. 
By this method of study the effects of anesthesia and the immediate 
effects of operative trauma could be avoided. Subsequent obseivations 
showed the significance of this, as responses soon after operation were 
different from those obtained when the animal had completely lecoveied 
from the operative procedures. The animals were trained to lie quietly 
on the table for hours at a time, and their normal responses were well 
established before each test substance was given or observation pro- 
cedure carried out. The observations on the various animals in this 
series agreed with and confirmed those made on the other members 
of the series. 

It was found that bile did not flow from the orifice of the chole- 
dochus in the fasting animal with an intact normal gallbladder. An 
animal in which bile flowed in the fasting state was found to have 
a diseased gallbladder and a markedly dilated choledochus. Another 
animal responded normally at first, but later, after the orifice of the 
duct had been traumatized, some bile flowed when the animal was 
fasting. Later, however, bile again ceased to flow in the fasting state, 
suggesting that the regulatory mechanism was temporarily disturbed. 
The absence of the discharge of bile in the fasting state must be due 
to one of two factors ; Either there are insufficient bile and bile pressure 
in the choledochus to cause a flow of bile from the orifice, or there 
is a sphincter mechanism at the duodenal end of the choledochus pre- 
venting the discharge of bile. Various observers have shown that 
the first of these could not be the cause. With a T-tube in the common 
bile duct. Potter and Mann found an average intraductal pressure 
of 95 mm. of bile. McMaster and Elman sectioned the choledochus 
in animals that had been deprived of food and found that the pressure 
at the proximal end rose to from 100 to 150 mm. of bile. Nuboer 
determined that the pressure in the choledochus in fasting dogs was from 
90 to 100 mm. of water. In the series here presented, animals in a 
fasting state were found to have an intraductal pressure in the chole- 
dochus of from 140 to 170 mm. of bile. When the manometer was 
turned down and the bile was allowed to flow out, a considerable 
quantity was obtained. These experiments suggest that there is suffi- 
cient pressure in the choledochus in fasting animals to induce flow of 
bile from the orifice if the flow is not prevented by a sphincter 
mechanism. Is this sphincter action produced by duodenal tonus and 

30. Potter, J. C., and Mann, F. C.: Pressure Changes in the Biliary Tract 
Am. J. 1^1. Sc. 171:202 (Feb.) 1926. 

31. Nuboer, J. F. : Die Funktion des Oddischen Muskels, abstr. Bcr ii d t^ec 

Physiol. 51:81, 1929. ‘ “ 
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activity alone or does some other sphincter mechanism play a part? 
There are several factors that argue against the former contention. 
The flow of bile apparently is not dependent on duodenal activity 
alone because the smell of food may cause a flow of bile when visible 
change cannot be seen in the exposed segment. After the animal has 
been fed, the discharge of bile often occurs when the segment is 
quiet. Also in the fasting state the exposed segment may become very 
active without discharge of bile. This was noted especially after the 
oral administration of water and of magnesium sulphate solution. 
These observations suggest a special sphincter mechanism. Many 
anatomic studies have been made of the duodenal portion of the chole- 
dochus, and arrangements of muscles that could act as a sphincter have 
been described as being around the orifice of the duct and around 
the portion of the duct that traverses the duodenal musculature. Hen- 
drickson described a complete muscle ring around the end of the duct 
and just under the mucosa, which he believed constituted the sphincter 
of the common bile duct. It does not seem likely that this alone con- 
stitutes the sphincter, because frequently in the fasting animal the 
orifice of the duct was widely dilated and the lumen of the duct was 
visibly open for several millimeters but bile did not flow. There is 
apparently a sphincter mechanism in the intramural portion of the 
choledochus which is not entirel}' dependent on duodenal tonus and 
activity. 

In these experiiaients it was found that feeding was followed by 
a flow of bile. There was usually a primary flow of brief duration. 
This was not a result of stimulation due to absorption of food because 
the flow often began when the animal sighted and smelled the food, 
but before it had ingested any of it. At other times the flow began 
with the beginning of ingestion of food, before the substance had had 
time to reach the stomach. The primary flow was evidently a reflex 
response to psychic stimulation. The initial flow usually lasted only 
from one to three minutes and occurred as a profuse steady ooze. 
The flow usually diminished or ceased during the next ten to thirty 
minutes. The secondary flow then began and continued foi severa 
hours. It began after some of the food had had time to be absor e . 
Bile flowed first in prolonged oozes which gradually became of shortei 
duration and were largely replaced by spurts. Several factois were 
associated with the spurting of bile. The most significant o t 
appeared to be duodenal activity. As the duodenum gradual y 
more active after feeding, spurts of bile frequently accompanie 
contractions. Sometimes after a' contraction the exposed sef,men 
duodenum relaxed and bile flowed for a few seconds. j_ 

spurts of bile were not associated with visible duodenal actiMt}- 
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ration ^Yas definitely related to spurts of bile soon after operafion, before 
the exposed duodenum had recovered its tonus and activity. After 
the elfects of operative trauma had disappeared and the exposed bowel 
was healed and active, respiration had little effect on the discharge of 
bile. Contractions of the abdominal musculature were occasionally 
accompanied b}^ spurts of bile, but this accounted for only a small 
percentage of the bile discharged. Excitement often seemed to have 
an inhibitory influence on the discharge of bile. Spurts of bile Avere 
occasionally observed independent of any visible factors, and suggested 
the possibility of contraction of the gallbladder as a cause. This was 
not proved. 

The type of food administered had some effect on the responding 
flow of bile. Both fats and lean meat produced a flow, hut the former 
often called forth a prompter flow, and the bile was frequently darker 
and more viscid. However, the flow after fats did not last as long as 
after lean meat. The latter did not produce so profuse an immediate 
floAv, but the total quantity was larger, the flow lasted longer, and 
the bile was of a more hepatic t3’^pe, especially after the first half hour. 

Cholecystectomy had a definite and constant effect on the flow of 
bile from the duodenal end of the choledochus. There was always 
a flow in the fasting state. This occurred chiefly in spurts accompany- 
ing slight activities, such as respiration, duodenal contractions or move- 
ments of the animal. Frequently spurts occurred independent of any 
visible stimulus. They were not forceful, and the bile did not seem 
to be under tension. The orifice of the choledochus Avas almost ahA’^ays 
open. The intraductal pressure in the choledochus Avas ver}’’ low, 
from 10 to 20 mm. of bile, soon after operation. This Avas found to 
be the case Avithin tAventy-four hours of operation. It has been sup- 
posed that the loss of sphincter action folloAving cholecystectomy was 
due to an overpoAvering and paralyzing action of the secretory pressure 
of the liver on the muscle after the concentrating activity of the gall- 
bladder had been removed. It hardly seems likely that the sphincter 
could be paralyzed as soon after cholecystectomy as occurred in these 
experiments, and a possible reflex loss of tonus is suggested. 

Foods did not alter the floAv of bile immediately after cholec)fstec- 
tomy. The quantity of bile sloAvly increased after feeding, suggesting 
stimulation of hepatic secretion. The bile becanre less ' viscid and 
lighter yelloAAf. As the duodenum responded to food and became more 
active it influenced the discharge of bile to a greater extent than before 
feeding, but less than it did before choIec)'Stectomy. 

Various solutions applied to the exposed segment had little effect. 
They^ sometimes caused a slight increase of duodenal activity and 
occasionally a spurt of bile. The responses did not vary sufficiently 
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with different test substances to permit any definite deductions. As 
only a small portion of duodenum was exposed in these animals, it 
would not be fair to draw conclusions regarding the effects of these 
substances on the entire duodenum. However, it seemed evident that 
they had little direct effect on the orifice of the choledochus. 

An interesting observation was made on the effect of fasting and 
feeding on duodenal activity. The isolated segment of bowel was 
relatively inactive in the fasting state and became definitely more 
active after feeding. There was also an increase of hyperemia and 
an apparent increase of duodenal secretion. As food did not come in 
direct contact with the isolated bowel these responses could not have 
resulted from actual contact with food or distention of the segment 
and must have resulted from stimulation transmitted by either nervous 
or vascular routes. 

SUMMARY 

The object of this experimental investigation was to study some 
of the factors concerned in the physiology of flow of bile into the 
duodenum. Operative procedures were devised that provided animal 
subjects with an isolated segment of duodenum exposed on the abdomi- 
nal wall. This segment of bowel was opened longitudinally and 
sutured to the surrounding skin. It contained the orifice and the 
intramural portion of the choledochus. The accessory pancreatic duct 
was evulsed to avoid any complicating factors that it might produce. 
As the exposed duodenum was isolated from the remainder of the 
bowel, the intestinal contents did not come in contact with it. These 
animals lived for months in an apparently normal condition and per- 
mitted observations uncomplicated by the effects of anesthesia and 
the immediate effects of operative trauma. Studies were made with 
the animals in fasting and in nonfasting states. The effects of various 
test substances administered orally, intravenously and locally to the 
exposed segment of duodenum were determined. After completing, 
these observations, the gallbladder was removed and similar studies 
were repeated to determine the influence of cholecystectomy. 

The following observations and deductions Avere made. 
fasting animal with an intact normal gallbladder, the orifice o ti 
choledochus was usually closed, the exposed duodenal segment wa^ 
relatively inactive, and there was almost never flow of bi 
intraductal pressure in the choledochus was found to be frorn 
170 mm. of bile. The absence of flow of bile was evidently ue o ^ 
sphincter mechanism at the duodenal end of the choledocius. 
tonus of the duodenal musculature apparently was not the so e 
of the sphincter action, and a special sphincter mechanism 
gested. 
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Food stimulated flow of brown viscid bile. There was usually an 
initial ooze beginning with the ingestion of food and lasting for from 
one to three minutes. This was apparently due to psychic or reflex 
stimulation. A secondary flow began from ten to thirty minutes later 
and lasted several hours. The bile flowed in brief oozes and spurts, 
which were frequently related to activity of the exposed duodenum 
but often occurred independently. Respiration was not a significant 
factor in the discharge of bile. The exposed segment of bowel became 
more active and more hyperemic after feeding and reached a maximal 
degree of peristalsis about half an hour after the ingestion of food. 

After cholecystectomy, bile continued to flow in the fasting as well 
as in the nonfasting state. It was lighter in color and less viscid than 
the bile that flowed after an animal with an intact normal gallbladder 
had been fed. Feeding had little effect on the discharge of bile other 
than to increase the quantity slightly. The orifice of the choledochus 
was constantly patent. Duodenal activity and its response to feeding 
were not influenced by cholecystectomy. After removal of the gall- 
bladder, the intraductal pressure in the choledochus of the fasting animal 
was reduced to from 10 to 20 mm. of bile. 

Bile salts administered intravenously produced a profuse flow of 
thin yellow bile. Solutions applied locally to the exposed segment of 
duodenum occasionally stimulated a slight degree of duodenal activity 
and rarely were followed by the expulsion of a drop of bile, but generally 
they did not produce a definite response. 



SPONTANEOUS PEPTIC ULCERS OF DUODENUM 
AFTER CONTINUED LOSS OF TOTAL 
PANCREATIC JUICE* 
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ST. LOUIS 

In a previous paper ^ from this laboratory mention was made of 
the finding of peptic ulcerations of the duodenum just distal to the 
pylorus in a dog that lost the entire external secretion of the pancreas 
and was kept alive and in good condition for two weeks with daily 
intraperitoneal injections of Ringer’s solution. This observation was 
so striking and so unexpected that a number of other dogs were sub- 
jected to the same experimental procedure. Duodenal ulcers were found 
in every case. This finding, as will be pointed out, is not surprising 
after all and seems to fit in with a number of related observations by 
others. 

PREVIOUS WORK 

Most of the tremendous amount of work that has been done on 
experimental peptic ulcers has dealt with those on the gastric side of 
the pylorus. These observations have been successively reviewed by 
man}^ authors. MacCallum,® in 1904, reviewed most of the earlier experi- 
ments that were largely concerned with the production of mucosal 
defects in a variety of ways. In a book b}'’ Rost ® most of the literature 
up to 1921 has been analyzed. More important, however, than the 
actual production of a lesion is the study of the factors that keep it 
from healing, and hence, lead to chronicity. Thus, it has been repeatedly 
shown that the mucous membrane of the stomach has a remarkable 
regenerative power so that the removal of large areas of mucosa is 
rapidly followed, usually within two weeks, by complete healing. There 
is also abundant clinical evidence to show that duodenal ulcers are also 
prone to heal spontaneously onty to recur and heal again under a variety 
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of circumstances. Many such cases have been followed by fluoroscopic 
and by roentgenologic examinations. It is probable, indeed, that much 
of the dispute and disagreement as to the results following various 
modes of treatment is explainable on this basis. Whatever the primary 
cause of peptic ulceration, whether it is vascular, neurogenic, bacterial 
or traumatic, the factors promoting its chronicity would seem to be of 
most practical and theoretical importance. Prominent among these fac- 
tors are high acidity and roughness of the gastric contents. Rost® 
as well as McCann •* summarized most of this work in some detail. 
High acidity will be discussed later. It should be emphasized here that 
experimental work done with dogs is probably of greater significance 
than that performed on other animals. Dogs are particularly suited for 
the study of duodenal ulcers since this lesion practically never occurs 
normally, as shown by a study of 1,000 routine autopsies on dogs 
reported by Ivy.® 

In this paper we are concerned specifically with the observations of 
spontaneous duodenal ulcerations noted during the course of experi- 
ments in which the total pancreatic juice was drained to the outside. 
A number of observations by other workers fit in with the present 
experiments. Most important, perhaps, are ulcers noted by Mann and 
Williamson ° which also occurred just distal to the pylorus in dogs and 
which developed following diversion of the entire duodenal contents. 
This was achieved by an operation they termed “surgical drainage of 
the duodenum.” By this procedure the entire contents of the duodenum 
were made to empty low down by resecting it, closing one end and 
suturing the other end into the terminal ileum. The pylorus and the 
jejunum were then anastomosed end-to-end. Peptic ulcers, some per- 
forating, were noted just distal to this line of suture in fourteen of 
sixteen dogs. They were explained by the assumption that diversion 
of the alkaline duodenal contents permitted the acid gastric juice to 
attack and ulcerate the jejunal mucosa. These observations have been 
abundantly confirmed first by Morton'^ in all of eighteen dogs and 
recently by Weiss® and also by Dragstedt,® It is of special interest 
that Morton noted that “duodenal drainage” prevented healing and 
resulted in chronicity of experimental mucosal defects in the stomach 
in 50 per cent of his animals. 


4. McCann, J. C. ; 
1929. 


Experimental Peptic Ulcer, Arch. Surg. 19:600 (Oct.) 


5. Ivy, A. C. ; Physiology of the Stomach : Studies on Gastric Ulcer Arch 
Int. Med. 25:6 (Jan.) 1920. 

6. Mann, F. C., and Williamson, C. S.: Ann. Surg. 77:409, 1923 

7. Morton, C. B. : Ann. Surg. 85:207, 1927. 

8. Weiss, A. A., and Gurriaran, G. : Bull, et mem. Soc. nat. de chir. 56:8 

1930» ^ 

9. Dragstedt, L. R. ; Personal communication. 



1032 


ARCHIVES OF SURGERY 


In man)' other analogous experiments peptic ulcers at the exit of 
the stomach have been described which also have an important bearing 
on the present findings since they concern drainage of alkaline duodenal 
contents or interference with their normal behavior. Thus Grey noted 
during the course of transplantation experiments in two dogs that peptic 
ulcerations of the duodenum occurred after pancreatic and bile ducts 
were made to empty in the terminal ileum. Mann and Williamson® 
also performed this experiment on a large number of dogs, thirty of 
which survived eight days or longer; duodenal ulcers were found in 
ten. Bickel,^^ in 1909, extirpated the duodenum in a dog, transplanted 
the bile and pancreatic ducts into the abdominal wall and reestablished 
intestinal continuity by a gastro-enterostomy. After four and one-half 
weeks, the animal died. Peritonitis from a perforating ulcer of the 
jejunum at the stoma was found at autopsy. 

Similar experiments were reported by Exalto in 1911. He noted 
that jejunal ulcerations were always present at the stoma of an experi- 
mental gastro-jejuuostomy provided the duodenum was transplanted so 
as to empty its contents low in the gastro-intestinal tract. Baggio, “ an 
Italian surgeon, has recently found similar ulcerations just distal to the 
emptying point of the stomach in four of six dogs subjected to a gastric 
resection by a “Y-anastomosis of Roux,” an operation in which the 
gastric juice pours directly over the unprotected jejunal mucosa, the 
duodenal contents draining a little lower down. Dott and Lim “ 
reported that marginal ulcers were nearly always formed after an 
experimental gastro-enterostomy whenever the pylorus was occluded. 
This agrees with the clinical experience of von Haberer who found 
that jejunal ulcers developed in 12 of 71 cases with j^yloric occlusion 
in which he performed a gastro-enterostomy, whereas they developed 
in only 3 of 275 cases without occlusion. The latter findings were 
assumed to be due to the fact that closing of the pylorus piecluded 
duodenal reflux and hence the unneutralized gastric contents pome 
directly on the jejunal mucosa. Ordinarily this does not occur, since 
it is well known that whatever the modus operand! of a gastro 
enterostomy in the absence of organic pyloric stenosis most of the gastnc 
contents leave the stomach via the pylorus and not the stoma. 

10. Grey, E. G. ; Surg., Gynec. & Obst. 28:36, 1919. 
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14. Dott, N. M., and Lim, R. K. S.: Quart. J. Exper. Physiol., supp., 
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15. von Haberer, H.; Deutsche Ztschr. f. Chir. 172:1, 19—. 
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All of the experimenters thus far have explained these ulcers mainly 
on a chemical basis as due to the removal of or interference with the 
normal neutralizing eflfect of the alkaline duodenal secretions on gastric 
acidity. A dissenting opinion was recently voiced by McCann on the 
basis of his own experiments. He diverted the duodenal contents by 
the method of Mann and Williamson,® but sutured the duodenum into 
the fundus of the stomach rather than into the terminal ileum. He 
studied the gastric acidity before and after the operation and found it 
unchanged. Ulcerations distal to the pylorus in his experiments, more- 
over, were just as frequent as when the duodenum was sutured into 
the terminal ileum. He inferred, therefore, that the neutralizing efifect 
of the alkaline duodenal contents on gastric acidity had nothing to do 
with the formation of the ulcers and that mechanical rather than chem- 
ical factors were largely responsible for them. While the oljservations 
are clearcut and definite, the studies of gastric acidity, unfortunately, 
were made with a test meal of ground meat which, as is well known, 
combines so readily with hydrochloric acid as to mask to a consideral3le 
extent the actual acidity developed. Diametrically opposed findings, 
moreover, have been reported by Steinberg, Brougher and Vidgoff,^® 
who used a test meal of 300 cc. of water containing Liebig’s extract of 
beef. These workers found a much higher acidity following “duodenal 
drainage” into the terminal ileum. That the high acidity was due to 
faulty neutralization was shown by their use of an “acid test meal” 
which was much more slowly and incompletely neutralized than normal. 
These workers also proved that the difference in acidity was not due 
to alterations in the secretory activity of the stomach, for the juice from 
a Pavlov pouch showed no alteration in its acid content. The finding 
of ulcers in the experiments of McCann, finally, may not be in dis- 
agreement with those already mentioned. Anastomosis of the resected 
duodenum to the stomach does not necessarily mean free and continuous 
drainage, for it seems not improbable that the depth and strength of 
gastric peristalsis would tend rather to drive gastric contents into the 
loop or at least seriously interfere with an effective flow of the duodenal 
contents into the stomach. Neutralization of gastric acidit}'^ by the 
alkaline pancreatic juice might thus be seriously interfered with and the 
experiment, indeed, be one analogous to those in which the duodenum is 
sutured into the terminal ileum. 

Spontaneous duodenal ulcers of a similar nature and at the same 
site, i. e., just distal to the pylorus, were noted by Kapsinow in 

16. Steinberg, M. E.; Brougher, J. C, and Vidgoff, I. J. : Changes in Chem- 
istry of the Contents of Stomach Following Gastric Operations, Arch Surg 
15:749 (Nov.) 1927. 
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seventeen of forty-three dogs in which the total bile was diverted to the 
outside for two weeks or longer. Bile drainage was effected by anasto- 
mosis of the gallbladder to the right renal pelvis, followed by ligature 
of the common duct, so that the entire bile flowed into and was excreted 
from the urinary bladder on micturition. The dogs were in poor condi- 
tion at autopsy, however, and it seems difficult to know just what part 
inanition played in the formation of the lesion. Similar ulcerations were 
described recently by Berg and Jobling^® in thirteen of twenty-three 
dogs in which the total bile was excluded from the duodenum by drain- 
age to the outside, total biliary obstruction or by drainage followed 
by obstruction. Some of their dogs showing ulcers at autopsy also had 
pneumonia. Their drainage experiments were performed by the closed 
collecting system first described by Rous and McMaster.^“ In contrast 
to these findings are the original observations of the latter workers, who 
make no note as to the presence of duodenal ulcers. One of us (Dr. 
Elman) has obseiwed a great many such dogs with bile fistulas, all kept 
in excellent physical condition, some for as long as four months, without 
noting such a lesion. 

METHODS 

The intubation of the main pancreatic duct in dogs so as to obtain 
the total external pancreatic secretion has been described in detail else- 
where.-® By this technic the secretion was obtained under sterile 
conditions from the entire pancreas and for the entire twenty-four 
hours, as described in a previous paper. Such a loss of pancreatic juice 
soon leads to a fatal outcome.®® In the present experiments life was 
maintained in spite of continued drainage by the daily administration of 
500 cc. of “combined solution” in 5 per cent dextrose, intraperi- 
toneally. Pancreatic juice was collected daily with aseptic precautions, 
and by culture or the examination of the sediment from a centrifugated 
specimen, the presence or absence of infection was ascertained. When 
ever infection occurred, the animal was chloroformed and autopsy per 
formed. Drainage was maintained for at least thirteen da3'^s in the 
present experiments. The animals were fed carefully, the average dai } 
diet consisting of 500 cc. of milk, 200 Gm. of chopped lean meat, 
cooked or raw, and several dog biscuits. The opei'ations were all carne 
out under complete morphine-ether anesthesia. At the termination o 
the experiment the animals were killed with chloroform, and autopsy 
performed immediately. Frequent analyses of the main chemica con 
stituents of the blood were made. 

18. Berg, B. N., and Jobling, J. W.: Bilary and Hepatic Factors m Peptic 
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RESULTS 

One large ulcer was found just distal to the pjdoius on the posteiioi 
or superior aspect of the duodenum in each of the six dogs studied. In 
some dogs one or two smaller ulcers were noted a few millimeters dis- 
tallv. The ulcers were generally round or oval, but in dog 235 (fig. 1) 
the edges were irregularly oval and in dog 12 (fig. 2) the ulcei was 



P 


Fig. 1 (dog 235). —From a photograph of two ulcers just distal to the pylorus 

iP). 



Fig, 2 (dog 12). — From a photograph of a single ulcer just distal to the 
pylorus (P). 

semilunar. In several, blood clots were present over the lesion, but they 
could readily be removed. Bleeding was not infrequent, since streaks 
of blood n^ere usual!}’ found in the jejunal contents at autopsy and often 
in the stools during life. Except possibly in dog 235 (fig. 3), no 
tendency to perforation was noted, rvhich is not surprising in view of 
the relatively short duration of the experiments. On the other hand, 
no evidence of healing was seen. The microscopic study of the lesion 
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also did not show an)' sign of regeneration, the base extending down to 
the muscularis, which was edematous and frequently not even covered 
with granulation tissue. Figures 3, 4 and 5 were made from micro- 
scopic sections from three of these dogs. The table shows the amount 
of secretion collected and the duration of the experiments in each case. 
The stomach showed no abnormalities, nor were any other lesions found 
elsewhere. The peritoneum in each case was glistening, the operative 
wounds had healed and no evidence of infection in the pancreas or col- 
lecting system made out. 



Fig. 3 (dog 235). — Sketch from a cross-section of a large ulcer, showing 
beginning penetration at one point (P). 



Fig. 5 (dog 23).— Sketch from a cross-section of a large ulcer. High mag- 
nification of this and other ulcers show signs of inflammatory reaction at t le 


It should be emphasized that the general condition of these o^s \\ 
good. They were killed in each case only because of accidental ip ^ 
of the pancreatic juice, because the flow suddenly stopped, owiiij, 
kink or other obstruction to the collecting system, or because ^ 
deemed that sufficient time had elapsed to demonstrate the lesion, 
was, it is true, definite and once marked loss of weight, ut le 
were lively, active, alert and ate fairly well despite certain ei i 
gastric irritability already reported in previous papers. le 

22. Elman and Hartmann (footnote 1). Elman and McCaughan (footnote 20) 
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taken, in general, more slowly than normally, and water and milk were 
lapped only at infrequent intervals and in small amounts. Dry dog 
biscuit was most relished, although meat was also eaten, some pre- 
ferring it raw and others cooked. Vomiting sometimes occurred 
spontaneous!}". It was particularly apt to develop if milk or water was 
taken rapidly. If 300 cc. of milk was given by gavage. it would invari- 
ably be thrown up soon afterward. The chemical study of the blood 
showed little or no deviation from normal. 

Though no special control animals were observed, it may be noted 
that in a great man}" previous experiments in which the pancreatic duct 
had been intubated for periods of one week or less, duodenal ulcers were 
never observed. Intraperitoneal solutions have also been injected into 
a great many dogs for a variety of reasons and ulcers never occurred 
in them. 


Summary for Dogs lAth Duodenal Ulcer Draining the Total Pancreatic Juice 


Dob 

Weight, 

Kg. 

Sex 

Days 

ot 

Drain- 

age 

Average 

Output of 

Pancreatic 

Juice per 

24 Hours, 

Cc. Comment 

11 

10 

F 

14 

364 Eats only coolcecl meat and biscuits 

233 

13 

JI 

13 

345 Eats raiv meat and biscuits; vomited once 

123 

S 

M 

13 

302 Drinks milk ivell but slowly 

12 

9 

M 

IS 

394 Eats biscuit weli; vomited several times 

23 

15 

F 

13 

431 Eats meat and biscuits: vomited twice 

27 

7 

F 

15 

315 Eats well but very slowly 


COMMENT 

Although the number of experiments performed are few, the con- 
stancy of the finding indicates that we are dealing with a definite 
mechanism capable of producing peptic ulcers of the duodenum. The 
assumption seems justified that the presence of pancreatic juice in some 
way protects the duodenum, since its mere diversion to the outside and 
in the absence of an}" other demonstrable changes brings about spon- 
taneous peptic ulcers. The present experiments suggest, moreover, that 
the ulcers produced by experimental “duodenal drainage” and by other 
similar devices as reported by the many observers previously noted are 
undoubtedly due, not to the diversion of bile or duodenal secretions or 
to mecbanical factors, but to the absence of pancreatic juice alone. Cer- 
tainly the location of the lesion at the exit of the stomach and its appear- 
ance are similar in all cases, and in the present experiments all other 
factors have been excluded. Thus the entire gastro-intestinal and bilian- 
tracts were left intact, only the pancreatic ducts being tied and intubated. 
That the present experiments probably have a greater bearing on the 
occurrence of this lesion in man is suggested, too. from the fact that 
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unlike some of the experiments referred to, the lesions develop in duo- 
denal and not jejunal mucosa and in the presence of a normal pylorus 
and intestinal continuity. 

The possibility that bile may also play a part in protecting the duode- 
num from ulceration is indicated by the experiments already mentioned. 
It is significant, however, that they were found in a relatively small 
proportion of the experiments performed and in some were complicated 
by inanition and other diseases. Bile, moreover, is not an alkaline 
secretion, as is frequently assumed, but normally is actually acid in 
reaction.-® It could not play any part, therefore, in the neutralization 
of gastric acidity, except possibly by mere dilution. In any case, the 
role of bile must be a minor one as compared with that of pancreatic 
juice in the development of the duodenal ulcers under discussion. 

How may we explain the protective action of the pancreatic juice in 
these experiments? The assumption may be and has been made that 
acid gastric contents injure the duodenal mucosa because it is not neu- 
tralized by the alkaline pancreatic juice. Extensive study of test meals 
and fractional analyses of gastric contents has led to the general belief, 
however, that neuti'alization of gastric acidity occurs on the proximal 
rather than the distal side of the pjdorus. Recent observations, more- 
over, have tended to show that this neutralization occurs largely by 
reflux of pancreatic juice into the stomach. The evidence in support 
of this theory has been discussed in detail in previous papers from this 
laboratory.®^ The recent observations of Dragstedt and Ellis lend 
further support to this theory. They found that gastric juice collected 
from the whole isolated stomach always contained a high level (0.4-0.5 
per cent) of hydrochloric acid, thus showing the absence of any intrinsic 
neutralizing mechanism in the stomach itself as claimed by McClean 
and others. Obviously, if this is true, the role of the pyloric muscle in 
controlling reflux is an important one, as will be referred to again. 

The defect causing ulceration, according to this theory, lies in the 
inadequate preparation of gastric contents for reception by the duode 
num, more specifically, in its inadequate acid neutralization. This con 
ception is in accord with many of the experiments already referred to. 
Thus, it shows how the duodenal diversion experiments prevent adequate 
neutralization of gastric acidity, which remains high, as was direct } 
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demonstrated by Steinberg and his co-workers.^® It explains the fre- 
quency of jejunal ulcers at a gastro-enterostomy stoma where the 
pylorus has been occluded or where the duodenal contents have been 
diverted, since ill this way duodenal regurgitation is prevented. The 
infrequency of marginal ulcers following gastro-enterostomy in cases 
in which there is actual pyloric stenosis does not necessarily disqualify 
this explanation, for in these cases the prolonged gastric dilatation and 
stagnation has already rendered the stomach incapable of developing a 
normal acidity to begin with. 

Further evidence that fits in with this theory is the experimental 
production of high gastric acidity and ulcers by partial pyloric occlusion. 
Thus, Friedman and Hamburger were able to show an increase in 
gastric acidity after narrowing of the pylorus by the application of a 
circular silk suture, an experiment that we performed in this laboratory 
with similar results. They also showed that following the procedure, 
experimental defects of the gastric mucosa failed to heal and fre- 
quently developed into peptic ulcers. In two dogs, moreover, spon- 
taneous duodenal ulcers were found, one of which had perforated. 
Bolton-® showed, too, that healing of experimental ulcers was greatly 
prolonged if a rubber band were placed around the pylorus so as to 
constrict it. Similar delay has been reported by Ivy.® Hughson,®® 
in a converse experiment, showed an acceleration in the healing of 
ulcers if the pylorus were “splinted” so it could not contract, Elman 
and Rowlette®® finally were able to demonstrate a lowering of gastric 
acidity as shown by a more rapid neutralization of an acid test meal 
following successful division of the pyloric muscle. 

These observations all tend to explain the correlation between 
duodenal ulcerations, high gastric acidity and hyperactivity of the 
pylorus which has long been noted clinically. The development of a 
high gastric acidity in clinical instances of duodenal ulcerations is 
explained by the diminished reflux of pancreatic juice due to increased 
pyloric tone. A number of proved cases of duodenal ulcerations were 
studied in this clinic and marked diminution of acid neutralization in 
the stomach noted in all.®’- Pylorospasm from whatever cause by 
diminishing duodenal reflux promotes a high gastric acidity which 
may be the only necessary factor needed to prevent traumatic, 

27. Friedman, J. C., and Hamburger, W. W.: Experimental Qironic Gastric 
Ulcer, J. A. M. A. 63:380 (Aug. 1) 1914. 

28. Bolton, C. : Proc. Roy. Soc., London s.B., 82:233, 1909-1910. 

29. Hughson, W. : Relation of Pylorus to Duration of Experimental Gastric 
Ulcer, Arch. Surg. 15:66 (July) 1927. 

30. Elman, R., and Rowlette, A. P, : The Role of the Pyloric Sphincter in the 
Behavior of Gastric Acidity, Arch. Surg. 22:426 (March) 1931. 

31. Elman (footnote 24, second reference). 



1040 


ARCHIVES OF SURGERY 


mechanical or other erosions from healing and, indeed, from develop- 
ing into a peptic ulcer. On the other hand, a pyloric ulcer causes 
spasm which in turn promotes hyperacidity leading to a vicious circle 
and progression of the lesion. Pyiorospasirt itself is known to develop 
reflexly from other lesions in the abdomen thus explaining the not 
infrequent association of duodenal ulceraticms, appendicitis and chole- 
cystitis. That p}dorospasm may occur on a neurogenic basis was 
promulgated years ago by Eppinger and Hess on the basis of their 
concept of vagotonia. Certainly much clinical study has shown that 
sjmiptoms of pylorospasm and duodenal ulcerations may develop from 
or be aggravated In'- ps 3 'chic factors presumably mediated through the 
vagus nerve. 

Tlve importance of the pylorus in the treatment for duodenal ulcer- 
ations thus lies, in part at least, in its effect on the control of gastric 
acidity. Various operations have been designed, in fact, aiming, by 
removal of part of the muscle, to prevent pylorospasm. In a number 
of cases of pylorospasm without ulcer, Finney and Friedenwald per- 
formed a pyloroplasty and achieved clinical cures. Recently Morton®'* 
and Archer®® called attention to cases of hypertrophy of the pylorus 
in adults on whom the Rammstedt operation was done with complete 
cures. Further study may show that this simple procedure may be 
all that is necessary for the relief of early pylorospasm with or without 
ulcer. 


SUMMARY 


Spontaneous peptic ulcers were observed in six dogs that lost the 
total pancreatic juice for thirteen or more days and were kept alive 
and in good condition by careful feeding and the daily intraperitoneal 
administration of 500 cc. of Ringer’s solution. These observations 
together with those of others point to the importance of the pancreatic 
juice in protecting the duodenal mucosa, most, likely through its con 
trol of gastric acidity by reflux into the stomach. The clinical app i 
cation of these findings to high gastric acidity, pylorospasm anc 
duodenal ulcer has been briefly discussed. 


32. Eppinger H., and Hess, L. : Vagotomia, New York, Nervous an i 

Disease Publishing Co., 1915. ico.aao 

33. Finney, M. T., and Friedenwald, J. : Am. J- M. Sc. • , _ aj-.Uc 

34. Morton, C. B.: Hypertonicity and Hypertrophy of Pylorus m 

Arch. Surg. 20:508 (March) 1930. 

35. Archer, V. W.: Am. J. Roentgenol. 23:SlO, 1930. 
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The large number of o])eralions on the phrenic nerve performed in 
recent years has stimulated interc.st in the relative elTect of contraction 
of the diaphragm on the ni)])er and lower lobes of the lung. Paralysis 
of the diaphragm by section of the phrenic nerve was first advised for 
disease of the lower lobe, but more recently it has been advocated for 
involvement of the upper lobe also. The question as to which lobe under 
similar conditions is more benefited by paralysis of the diaphragm is still 
unsettled. Some surgeons report more favorable results on lesions of 
the lower lobe ; others believe that the upper and lower lobes are equally 
benefited. With that issue in view, these e.vperiments were carried out. 


E.XrEKIMENTAL METHODS 

No method has been devised by which the respired air from an indi- 
vidual pulmonary lobe can be measured satisfactorily, but one would 
expect the changes in the bronchial length to correspond closel)’’ with the 
changes in the volume of respired air. Therefore, it was decided to 
determine the changes in the bronchi of the upper and lower lobes pro- 
duced by contraction of the diaphragm. 

The method used to demonstrate the bronchi was that described by 
Francis.^ Dogs were anesthetized by barbital intravenously and in the 
later series by amytal intraperitoneally. A bronchoscope was inserted, 
and a straight tube with a flexible tip Avas passed through this for insuf- 

* Submitted for publication, March 9, 1931. 

From the Department of Surgery, Vanderbilt University School of Medi- 
cine, Nashville, Tenn. 

1. Francis, Byron F. : The Changes in Shape and Size of the Tracheo- 
Bronchial Tree Following Stimulation of the Vago-Sympathetic Nerve, Arch. 
Surg. 19:1577 (Dec.) 1929. 
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flation of the lower lobe and a metal tube with a short SO degree side-arm 
was used for tusuffla, ions of the upper lobe. Bismuth Lcatna^ 
thoioughly dried, was msufflated through this tube into the bronchi bv 
cmnpressed a.r. After the first few experiments it was decided m con- 
fine the studies to the bronchi of the right lung, because the upper main 
bionchus was more accessible and superimposed shadows were avoided 
on the lateral x-ray plates. The right phrenic nerve was exposed and 
divided, and the distal end was stimulated by a faradic current. Two 



Fig. 1 (dog 17), — Roentgenograms made in the dorsal position A shows 
marked contraction of the right side of the diaphragm with lengthening of the 
bronchi ; B, shortening of the bronchi during expiration. 


roentgenograms were made with the dog in the dorsal position, one while 
the nerve was being stimulated and another at expiration wdth the nerve 
divided. Then the dog was turned on the right side (care being taken to 
have the sternum on the same level with the spine), and two more roent- 
genograms were made, one while the nerve was being stimulated and 
another at expiration. All were made at a distance of approximateh^ 6 
feet. Points anatomically identical in both the bronchi of the upper and 
lower lobes were selected in those made in the dorsal position, and the 
distance between these points measured. The angle of deviation of the 
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bronchi from the perpendicular was determined in the two lateral plates 
and used to calculate the length of the bronchi. The following formula 
was used to compute the actual length ; 

T^cngth rncnsurccl on dorsal plate 

Actual length = Cobine of angle of deviation in lateral plate 

Twenty-eight experiments were carried out, but only eight were con- 
sidered satisfactory for measurements. The first experiments were 



Fig. 2 (dog 17). — Roentgenograms made in the lateral position. A, made dur- 
ing contraction of the right side of the diaphragm, sliows how the bronchi approach 
the horizontal when the dog is in the dorsal position. B, made during expiration, 
shows how they deviate from the hoiizontal when the dog is in the dorsal position. 


unsatisfactory because too much bismuth had been insufflated, with the 
result that the bronchi were occluded, which prevented an expansion of 
the lung and lengthening of the bronchi. In the later experiments, only 
a very small amount of bismuth was insufflated, with much better results. 
Typical plates are shown in figures 1 and 2. Table 1 gives the length of 
the bronchial shadows and angles of deviation from the perpendicular, 
and table 2, the calculated length of the bronchi. 



Table 1 .— Measurement of the Length of the Bronchi in the Dorsal Plates and of 
the Angle of Deviation in the Lateral Plates 


Length of Bronchi in the Deviation from the Perpendicular 
Dorsii! Plates, Mm. in the Lateral Plates, Degrees 


Dog 

Loi)o of 
Lung 

IG 

Bight upper 

Bight lower 

17 

Bight upper 

Bight lower 

IS 

Right upper 

Right lower 

19 

Right upper 

Right lower 

20 

Bight upper 

Right lower 

21 

Right upper 

Right lower 

24 

Right upper 

Right lower 

2S 

Right upper 

Right lower 


During 

Stimulation 

At 

of Phrenic 

E.vpira- 

Nerve 

tion 

(1) 

(2) 

40 

29 

SO 

57 

55 

4G 

Sit 

GO 

41 

31 

CS 

47 

5.5 

40 

115 

71 

42 

32 

S7 

54 

31 

24 

50 

40 

44 

31 

S2 

55 

30 

32 

5S 

51 


During 

Stimulation 

At 

of Phrenic 

Expira- 

Nerve 

tion 

(3) 

(4) 

52 

52 

14 

20 

0 

0 

10 

10 

57 

59 

27 

33 

10 

15 

15 

29 

50 

53 

13 

32 

37 

47 

10 

17 

35 

43 

15 

25 

24 

20 

21 

24 


Table 2. — Percentage Lengthening of the Bronchi During Stimulation of the 

Phrenic Nerve 


Dog Right Upper Lobe Right Lower Lobe 

IG 3S S9 

17 19 SJ 

18 25 33 

ig!!...^ ! 34 

20 80 

21 ! 8 10 

21 23 ^0 

28.!...!!..!!.’.!. .!.!.! ! 12 


Average... 

Difference 


REVIEW OF literature 

No experiments bearing directly on this subject could be ^ 

the literature. Walsh,^ in a clinical and pathologic study, concluded tia 
the activity of the lung was greatest at the apex and least at the 
Sergent ® was able to demonstrate by x-ray studies that the 
activity occurred in the anterolateral portion of the lung an 
activity posteriorly and at the apex. 


2. Walsh, Joseph : Pulmonary Activity Greatest at the Apex an 

Base, Am. Rev. Tuberc. 14:142, 1926. Cpniaine d. 

3. Sergent, E. ; The Motor Independence of Pulmonary o es, 

hop. de Paris 3:157, 1927. 
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COMMENT 

Walsh concluded that the pulmonary activity was greatest at the apex 
and least at the base on the basis: first, that pulmonary tuberculosis 
develops most frequently in the upiier portion of the lung, and even 
miliary tuberculosis advances more ra])idly in the upper lobe; second, 
that the pulmonary alveoli are larger at the apex than at the base in the 
normal lung. In emphysematous lutigs, the alveoli are greatly dilated at 
the apex and only slightly dilated at the base. 

No logical explanation has yet been oflfered for the fact that pul- 
monary tuberculosis develops usually in the upper portion of the lung, 
but the fact remains that the earliest lesions arc not in the extreme apex 
but in the infraclavicular region. If the question were entirely one of 
greater activitv as stressed by Walsh, one would expect the earliest 
lesions in the extreme apex. He laid greatest stress on the enlargement 
of the apical alveoli. This is an anatomic fact, but it would appear that 
respiration plays a relatively small part in the dilatation of the alveoli, 
as the intrapulmonary pressure does not reach atmospheric pressure 
during any phase of normal breathing. Coughing and straining raise 
the intrapulmonary pressure above atmospheric pressure, so they would 
be expected to play a large part in the dilatation of the alveoli. During 
increased intrapulmonary pressure, the lung distends at the point of least 
outside support, which is at the apex. 

The ideas presented in this paper agree much more closely with 
those of Sergent. While he does not attempt to discuss the question 
of the part played by the thoracic wall and diaphragm in the activity of 
the lung, he does believe that the activity of the lung, as the result of 
movement of the thoracic wall, is less at the apex posteriorly and greater 
below and in front. It seems logical to suppose that the effect of con- 
traction of the diaphragm acting through an elastic pulmonary tissue 
would be greatest at the base, and would diminish as the distance from 
the diaphragm increased. 

In this series of experiments the percentage lengthening of the 
bronchi of the lower lobe was uniformly greater than that of the upper 
lobe, and the percentage difference varied directly with the degree of 
contraction of the diaphragm. If the change in bronchial length is taken 
as an indication of the change in respired air, contraction of the 
diaphragm produces a slightly greater effect on the lower than on the 
upper lobe. However, this difference is so slight during normal respira- 
tion that it is of no practical importance. 
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URETHRA 

Tumor. — Schiftau^’’ reported 5 cases of papillomatosis of the 
urethra observed in the last two years in the dermatologic clinic of the 
Britz Hospital in Berlin. There was one case of multiple papillomatosis 
of the anterior urethra. In all of the cases there was a history of pre- 
vious gonorrheal infection. 

The papillomas were treated by electric cautery. A proprietaiy 
cocaine mixture was used as a local anesthetic. In spite of the caie 
in protecting the urethra at the time of treatment, a beginning stricture 
was noticed while the patient was still under treatment. The prOf^nosis 
in these cases is poor because of the possibility of malignant chant,es. 

[Ed. Note. — Polyps and papillomas of the urethia aie not uncom 
mon. They are usually very small and the result of long and te lo 
urethral infections. They have little clinical significance. ^ n i 
cases they disappear following treatment for the underlying in ec i 
Both the small and the large tumors respond readily to fulgura ion 
snaring. Those occurring in the posterior urethra of ma e p 
may be pedunculated and occasionally interfere with osuie 
internal sphincter ; those occurring near the external on ce are 
ally flat and sessile. Multiple and extensive growths are 
seen. Zuckerkandl reported a case in which a papi oma 
covered the entire urethra. There is a tendency to rapi an 
recurrence after removal. Elder and Lewin both repor e 
which the recurring papilloma completely filled the met 

39. Schiftan, Walter: Papillomatosis der mannlichen Harnrorhe, 

Urol. 24:518, 1930. 
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Valve Obstruction. — Campbell reported 18 cases of congenital 
obstruction of the posterior urethral valve, all occurring among chil- 
dren. Urethral valves are the most common congenital infravesical 
obstruction, and because they are confined to the prostatic canal are 
limited to male patients. When because of situation oi size the val\es 
produce symptoms, the clinical manifestations are those of obstruc- 
tion; secondary symptoms are those of uremia. Diagnosis is made by 
cysto-urethroscopy, and the prognosis is directly proportional to the 
renal function. 

Structurally, A-alves may be present only as low ridges ; these do not 
obstruct. More often valves appear as mucosal folds or redundances 
and, in retarding a fluid stream, may be cystoscopically observed to 
balloon into cusp formation. They may also be present as partial or 
complete diaphragms. Most valves are contiguous with the verumon- 
tanum at some point and usually pass from the anterior end of the 
verumontanum to the lateral urethral walls; in several instances exten- 
sion from the posterior verumontanum to the outlet of the bladder was 
observed. Segments of valves of the latter type are likely to be mul- 
tiple; six or seven folds may extend from the verumontanum posteri- 
orly into the outlet of the bladder. Valves may be unilateral. The 
valve may be totally independent of the verumontanum, situated either 
anterior or posterior to this organ. In the presence of valves, the 
verumontanum is usually anomalous; enlargement and great elonga- 
tion is the rule. Sometimes the verumontanum extends from the vesical 
outlet anteriorly for 2 or 3 cm. 

The pathologic changes in the urinary tract are those common to 
all infravesical obstructions. Until prolonged back pressure causes 
muscular decompensation, the wall of the bladder shows trabeculation, 
hypertrophy and sometimes inflammation, and may be the site of the 
diverticulum. Often there is trigonal hypertrophy. With decompen- 
sation, the bladder becomes a large, hypotonic bag. Ureteral and pelvic 
dilatation occur as the disease advances ; urinary back pressure, as well 
as inflammatory changes, destroys the ureterovesical valve, so that 
vesico-ureteral reflux is demonstrable in most advanced cases. The 
ureters may become larger than the colon; the renal parenchyma is 
frequently compressed to a thin shell. Nephritis from compression, 
with infection, leads to reduction of I'enal function as the disease 
progresses. 

Urinary frequency is the most common symptom and is usually 
present from birth. After infection has set in, the child may urinate 
every twenty to thirty minutes. In many instances overflow incontinence 
may keep the child continually wet, and the condition will be diagnosed 

40. Campbell, M. F. : Obstruction of the Posterior Urethral Valve in Infancy 
and Childhood, J. A. M. A. 96 : 592 (Feb. 21) 1931. 
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as enviresis. Dysuria is due to the diminished urethral caliber and is 
often distressing. Chronic distention of the bladder is sometimes mani- 
fest by protuberance of the lower part of the abdomen; frequently the 
mother or the patient has palpated the vesical mass. 

Laboratory examination discloses urinary infection in most 
instances. In advanced cases, the urinalysis often leads to the diagnosis 
of chronic interstitial nephritis. 

Treatment should be removal of the obstruction, but this should 
not be attempted until the condition of the patient warrants surgical 
procedures. If the residual urine is more than 3 ounces (90 cc.), 
gradual decomiDression and continuous drainage of the bladder should 
be carried out until functional stability has been established. If the 
residual urine is less than 90 cc., preliminary drainage for a few days 
is excellent practice. Several methods of removal of the valve have 
been advocated. Perineal apjoroach is unsatisfactory and unnecessary. 
If the urethra is impassable or drainage has been instituted by cystotomy, 
suprapubic attack may be carried out. Fluid in abundance is the best 
medicine after operation. If the obstruction has been properl}'- removed, 
urination will be free. 

Trichomonas Infection. — Riba'*^ reported several cases of tricho- 
monas urethritis and observed that the presence of the trichomonas is 
not limited to the female genital tract, but may occur in the male. 
Urethritis of the male patient may be complicated with prostatovesicu- 
litis. The motile protozoa may’^ be I'eadily demonstrated in fresh wet 
preparations, and the nonspecific urethral and prostatic secretions should 
be examined in their natural state. 


PENIS 

Carcinoma . — Colby and Smith *- reported a study of 50 cases of 
carcinoma of the penis to determine the correlation of the degree o 
malignancy of tumors, as determined by their histologic appearance, 
and their clinical course. With the histologic appearance as a basis, 
the tumors were graded as to malignancy into low and high. Twenty 
six cases were of low grade and 24 of high grade. Paitial amputation 
was performed in 27 cases, total amputation or emasculation m 
minor operative procedures or radium in 7 , and one or hot i i,von 

wprp rliRcjpr*f'/^r? in 

The average age' of the patients was 59 years. Definite phintosts 
had existed in about half the cases, and, as far as could be 
none of the patients had been circumcised in infancy oi ear} 
hood. 


41. Riba, L. W.: Trichomonas Urethritis, J. A. M. A. 96t2100 0“”' f > 

42. Colby, P. H„ and Smith, G. G; Carcinoma of the Pen.s, J. Uroi. • 
(May) 1931. 
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Thirty-eight (76 per cent) of the 50 patients were traced after 
operation at varying intervals up to ten years. In comparing the post- 
operative course of the two groups, it was found that 10.5 per cent of 
those with tumors of low grade malignancy died of carcinoma within 
the first two years, and 36.8 per cent of those in which the malignancy 
was high died of carcinoma within the first year. In the first gioup a 
higher proportion of patients were living for a period of years than 
in the second group. 

The advisability of dissection of the groin seemed to be imjiortant. 
Of the entire 14 cases of both groups in which the groins were not 
dissected, 75 per cent of patients in the first group and 83.3 per cent 
in the second group lived for varying intervals without evidence of 
carcinoma. None of the patients of the first group died of the malig- 
nant lesion, while one patient (16.6 per cent) of the second group died. 
In 10 of the 14 cases partial amputation was performed, in 3 circum- 
cision alone, and in 1 case radium alone was applied. 

In the 24 cases in which the groin was dissected, 63.6 per cent of 
patients of the first group and 38.4 per cent of the second group are 
living for varying intervals free from carcinoma. Eighteen per cent 
of patients of the first group and 46.1 per cent of the second group 
died of the disease. In the seines of 50 cases the groin was dissected 
in 32 (64 per cent). In 24 per cent of cases in the first group and in 
62 per cent of the second group, malignant nodes were found on micro- 
scopic examination, showing a greater tendency for the more malig- 
nant type of tumor to involve the lymph nodes. Of the cases in which 
malignant nodes were found, 50 per cent of patients of the first group 
and 70 per cent of the second group died of carcinoma. In 11 of the 
50 cases, the groin was dissected although nodes had not been palpable. 
In 4 (36.3 per cent) of these cases, malignant nodes were found on 
microscopic examination. 

It is Colby and Smith’s belief that dissection of the groin should be 
performed as a routine part of the operative treatment for carcinoma 
of the penis except in cases in which the disease has existed only for a 
short time. Conservative surgical measures, such as excision or irradi- 
ation, may often be employed, with a reasonable expectation of cure. 

Barney,'*^ in a follow-up study of 90 cases of carcinoma of the 
penis, found that phimosis of long duration had occurred in 85 per 
cent. As a corollary they found that if circumcision had not been per- 
formed in infancy or childhood, carcinoma did not develop. Most 
deaths from carcinoma of the penis are due to internal metastasis which 
may occur without involvement of the inguinal nodes, or even if they 
are excised. The deep lymphatic glands of the penis are as efficient in 


43. Barney, J. D.: Discussion, J. Urol. 25:482 (May) 1931. 
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carrying metastatic cells as are the more superficial ones which pass 
to the groin. In giving a prognosis in such cases, this fact should be 
taken into consideration. 


TESTIS AND EPIDIDYMIS 

Tuvior.—Von Illyes reported a case of hypernephroma of the 
testis. Many years ago an operation had been performed on the left 
undescended testis. The testis had been enlarged for two years, and 
when examined it measured about 10 cm. in diameter and was irregular. 
The epididymis was also enlarged because of the presence of hydrocele. 
Cystoscopic examination revealed that the urine from the left kidney 
was thick and purulent. The right side was normal. The left kidney 
was removed, and the ureter was found to be compressed by tumor. 
Later, the enlarged testis was removed. Microscopic examination of 
both specimens revealed hypernephroma. Although the metastatic 
growth in this case was small, owing to its position it compressed the 
ureter and caused infected hydronephrosis. 

Undcsceudcd Testis . — Goetsch reviewed 32 cases of undescended 

testis and summarized his observations as follows: There is no evi- 
dence that an undescended testis pi'operly placed in the scrotum has 
any greater malignant potentialities than the testis that has always 
been in normal position. Undescended testis is practically always 
accompanied by congenital hernia. Sacrifice of the undescended testis 
is not warranted, since most of them, including those in the abdomen, 
can be satisfactorily placed in the scrotum by the Bevan operation. 
Undescended testes lose the power of spermatogenesis but continue to 
elaborate internal secretion. The scrotal position is necessar}'^ for com- 
plete anatomic and physiologic development of the testis. Even the 
atrophic testis with questionable spermatogenesis sli^ild be consened 
for the influence it may exert in the development of the secondai}^ sex 
characteristics. Spermatic circulation should not be eliminated d 
mobilization is at all possible wdthout division. Loss of the spetmatic 
circulation invariably leads to marked atrophy and sometimes to com 
plete atrophy. 

UROGRAPHY 

Braasch reviewed a series of 40 cases of proved renal lithiasis^. 
in which intravenous urograph}'- was done. This proceduie was o 
particular value in identification of shadows, determination of tie mtia 


44. von Illyes, Geza : Hypernephrom des Hodens, mit einem zweitm Ureter- 

Kompression verursachenden Herd, Ztschr, f. urol. Chir. 30.7 , > ^ 

Am. J. Cancer 15:506 (Jan.) 1931. nnpmtive 

45. Goetsch, Arthur: Undescended Testis: Review of Thirty-Two P 

Cases, Am. J. Surg. 12:63 (April) 1931. _ t - m-dck T Urol 25: 

46. Braasch, W. F.: The Value of Uroselectan in Renal Lithiasis, j. 

265 (March) 1931. 
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renal situation o£ shadows, ascertaining the differential renal {unction, 
demonstration of coincident disease or anomaly in the affected kidney 
and determination of the functional capacity and disease or abnormality 
in the other kidney. 

The only advantage of intravenous urograph}^ over the retrograde 
method in the identification of renal shadows is that it can be used 
as a routine in many cases in which cystoscopic examination might not 
be advisable. Shadows that are seemingly intrarenal or extrarenal on 
interpretation of the original film often prove to be the opposite in the 
intravenous urogram. In doubtful cases, both methods of pyelography 
should be employed. Small shadows in the renal pelvis, which do not 
cause stasis, occasionally may remain unidentified by intravenous uro- 
graphy because of lack of detail in the minor calices. By intravenous 
urography, exposures can be made with the patient in different positions, 
and the kidney may be displaced so as to determine differences in the 
relative position of the pelvis and of the shadow in question. In this 
type of procedure the density of the pelvic shadow is usually less than 
that of the calculus, and as a result the outline of the calculus com- 
monly can be seen through that of the pelvis. In some cases the density 
is not then visible. It has particular value in cases of stones situated 
in the ends of the calices, since it gives a better idea than retrograde 
urography as to their exact position and the feasibility of their 
removal. 

The visual estimate of renal function made possible by intravenous 
urography is often more accurate and satisfactory than the usual tests 
of renal function in the presence of renal calculus. Both the test with 
phenolsulphonphthalein and that with indigo carmine are misleading in 
determining the functional capacity of a kidney which contains a calcu- 
lus. lopax gives evidence which leads to the belief that bilateral 
involvement of the kidney occurs more commonly than previously was 
supposed. 

Retrograde urography, with stone in the ureter, frequently is fol- 
lowed by serious febrile reactions, particularly when there is pyelectasis 
and when venal drainage is obstructed. Intravenous urography obvi- 
ates this and often furnishes diagnostic data not possible with retro- 
grade urography. 

Bugbee and Murphy stated that, iir any new discovery, the 
tendency has been to overestimate the possibilities of its usefulness. 
They believe that intravenous urography is primarily a method of 
corroboration, to be employed as a supplement to the present methods 
of urologk diagnosis, except in the limited number of cases in wliich 
cystoscopic manipulation is impossible. In such cases it gir^es valuable 

. 47. Bugbee, H G., and Murphy, A. J.; The Value and Limitations of Uro- 
selcctan as an Aid in Urological Diagnosis. J. Urol. 25:275 (March) 1931. 
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data othei'wise unavailable, but when unsupported by cystoscopic 
information the interpretations must be made with extreme care and 
conservatism. 

Lowsley^® stated that in a series of 45 cases intravenous pyelog- 
raphy with iopax was found a helpful adjunct, particularly in tuber- 
culosis of the urinary tract. When the serious general condition of 
certain patients with tuberculosis precludes cystoscopic examination, 
intravenous pyelography frequently furnishes sufficient information so 
that further investigation is unnecessary. 

Herbst^® stated that iopax may be used in practically all cases in 
which the cystoscopic pyelogram is used, and also in some cases 
in which the retrograde method is inadvisable or impossible. Tumor of 
the kidney, polycystic kidney and early renal tuberculosis cannot be 
studied as satisfactorily by the use of iopax as by cystoscopic exami- 
nation. Interpretation of intravenous films is difficult if there is gas 
in the bowel and the torso, is thick. Iopax will be particularly valuable 
in the diagnosis of urologic disorders of children. It will often be 
used in preference to cystoscopic examination, thus avoiding a general 
anesthetic and its attendant difficulties. 

Von Lichtenberg formulated the indications and limitations of 
intravenous urography by clinically interpreting the results in more 
than 700 cases. One hundred cubic centimeters of a 40 per cent solu- 
tion of iopax was used, the first picture taken a quarter of an hoiTt, the 
second three-quarters of an hour and the third an hour and a quarter 
after intravenous injections. 

By intravenous urography with iopax, visualization of the urinary 
tract and the relationship between various parts of the urinary tract 
may be obtained. Important data concerning renal function may also 
be obtained by roentgenologic means and by qualitative and quantitative 
chemical data. It also enables interpretation of the dynamics of the 
urinary tract by observing the expulsion of iopax. A good picture is 
expected only when renal function is satisfactory, becausfe the intensity 
of the roentgen ray is dependent mostly on the function of the ki ney. 

Intravenous urography can be used in cases in which 
examination fails or is unusually difficult, if catheterization 
ureters or instrumental pyelography cannot be done, or if this. me 
does not afford definite information. It can also be used in case 
which instrumental pyelography should not be done, because o 


48. Lowsle}’, 0. S. ; Uroselectan in Urinary Tuberculosis, J. ro 

larch) 1931. . pygiog- 

49. Herbst, R. H. ; Comparative Value of Uroselectan to Cystosc p 

?hy, J. Urol. 25:287 (March) 1931. TTm^raohy, I- 

50. von Lichtenberg, Alexander ; The Principles of Intravenous 
-ol. 25:249 (March) 1931. 
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possible injury that might result. It affords full information concern- 
ing the urinarj'^ tract in cases of urethral strictures, seveie disease of 
the bladder, bleeding, ruptured kidne 3 'S, fistulas, in cases of trans- 
planted ureters and in the examination of young children. 

Beer stated that fluoroscopy of the exposed kidney in the search 
for stones was advanced by Braasch and proved of great aid in local- 
izing fragments of stone that might be removed at the time of opera- 
tion. Experience demonstrated that small fragments escaped the 
attention of the fluoroscopist, and frequently were recovered by pal- 
pation and irrigation, after the kidney was thought to be empty, or were 
seen in a few weeks in control pictures during convalescence. Quinby 
then suggested that a small film be placed against the exposed wall and 
well delivered kidney and a roentgenogram made. 

Beer expressed the belief that every fragment of stone not recov- 
ered by roentgenographic control on the table, or by irrigation or drain- 
age through a nephrostomy tube, is a potential source of danger to the 
patient and often counteracts attempts at a complete and definite cure. 
For the last five years he had been using roentgenograms as controls 
in operations for stone in the kidney. The method of making films of 
the kidney by means of the improved casette and intensi tying screen 
is used regularly in all complicated cases and in all cases of multiple 
calculi. Roentgenographic control has repeatedly shown stones or frag- 
ments in the cavities of the kidney or parenchyma, even after careful 
search and prolonged, forceful irrigation of the pelvis and calices. In 
cases in which fragments are left behind, it is Beer’s custom to drain 
by nephrostomy and to irrigate in the hope that unrecovered fragments 
may be discharged spontaneously or be washed out. 

In more than 50 complicated cases of stone, roentgenographic con- 
trol of the exposed kidney was used. Small fragments and even siz- 
able stones were overlooked in a relatively large percentage of cases, 
after complete removal had ostensibly been carried out and after 
thorough irrigation of the pelvis of the kidney and calices. In the 
majority of these checked cases the fragments or stones were removed 
after localization by the roentgenogram. 

[Ed. Note. — The prevention of recurrence of urolithiasis demands 
thorough operative removal of all stones or fragments of stones, the 
elimination of infection and the establishment of adequate drainage of 
the urinary tract. The first consideration is of paramount importance, 
as many so-called recurrences have been the signs of incomplete operative 
removal of calculi. 

51 Beer, Edwin: Roentgenological Control of Exposed Kidneys in Operations 
for Nephrolithiasis, with the use of Special Intensifying Casette, J. Urol. 25:159 
(Feb.) 1931. 
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The use of the fluoroscope at the operating table, as developed by 
Braasch and Carman, was of the utmost value in localizing stones or 
fragments which otherwise would have been overlooked. The casettes 
described by Beer and Benjamin perhaps give a better opportunity to 
pick up fragments of stone, and thus represent a further advance in 
the use of the roentgen ray in the surgical removal of renal calculus.] 

Benjamin stated that in about 25 to 50 per cent of the cases of 
renal lithiasis checked by the control roentgenograms, stones had been 
incompletely removed, although the operations were performed by 
competent urologic surgeons. Stones 1.5 cm. in diameter had been 
overlooked. Interpretation of control roentgenograms of the kidney 
is not without its inherent difficulties. The presence of blood clots, 
coagulated tissue fluids and overlapping detached soft tissues, may be 
confusing. It is essential to read the film rvhile it is wet. 

A special small casette measuring 3^ by 4^ inches (8 by 10 cm.) 
has recently been designed by Jaches; this has an aluminum cover and 
contains a double intensifying sci*een. It reduces the exposure time 
to a tenth of that of the ordinary film and insures sharp, clear pictures, 
even with the -patient under light anesthesia. The casette is firm and 
not subject to buckling, thus eliminating artefacts which occurred with 
the use of the ordinary film. It is readily kept clean and easily and 
rapidly reloaded. Exposure is made from in front of the patient. The 
time is about half a second or less, at a distance of about 30 to 48 cm. 
Guide needles are inserted into the exposed kidney by the surgeon. The 
loaded casette is dropped into a sterile rubber bag the inside of which 
has been carefully wiped dr)% and the casette is then tucked behind 
the kidney, care being taken to cover it entirely ; if this cannot be done, 
the portion of the kidney under suspicion is covered. Either side 
of the casette may be used against the kidney. 


NERVE CONTROL OF KIDNEY, URETER AND BLADDER 

Harris and Harris stated that in a large number of cases in which 
there is renal pain without demonstrable abnormalities except positive 
response to a test for pain, delayed emptying time of the pelvis an 
perhaps slight clubbing of the calices which increases renal sym 
patheticotonus are the cause of the symptoms and that renal denervation 
will give relief. 

Since the introduction of pyeloscopy these authors have been able 
to demonstrate motor disturbances of the renal calices, pelvis an ureters 


52. Benjamin, E. W.: Notes on the Technique of X-Ray Control m 

Operating Room, J. Urol. 25:165 (Feb.) 1931. _ Pain 

53. Harris, S. H., and Harris, R. G. S.: Renal Sympathetico-Tonus, R 
and Renal Sympathectomy, Brit. J. Urol. 2:367 (Dec.) 1 
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and have defined the urographic evidence of renal sympatheticotonus and 
the indications for sympathectomy as: (1) irregular and incomplete 
contractions of the calices and the renal pelvis; the condition is a 
fibrillation with interference with the normal peristaltic rhythm; (2) 
marked slowing with irregularity and increased power of the contrac- 
tions, associated generally with dilatation of the renal pelvis and club- 
bing of the calices; delayed emptying time is a feature also, and (3) 
dilatation and immobilty of a single calix with delayed emptying time, 
and localized sympatheticotonus. 

With these urographic observations, a positive pain reproduction 
test, evidence of generalized sympatheticotonus, with negative urinary 
findings, and the proved absence of any organic lesion, renal dener- 
vation may be undertaken with the assurance that there will be com- 
plete and permanent relief from pain. The operation consists in denuda- 
tion of the vessels of the renal pedicle, working from within outward 
toward the kidney. The pelvis and first inch of the ureters are also 
freed of connective tissue. 

Farrell studied the vesicorenal reflexes and the possibility of a 
renorenal reflex. Twenty-five dogs were used in the experiments, 
which were performed under morphine and ether anesthesia because 
it was fairly uniform and exerted little influence on the flow of urine. 

It was observed that both distention of the bladder and stimulation 
of the pelvic nerve produced a change in the renal volume and inhibi- 
tion of the urinary flow which might be partial or complete. No change 
in urinary flow resulted from stimulation of the hypogastric nerve, nor, 
when the splanchnic nerve was sectioned, from the distention of the 
bladder or stimulation of the pelvic nerve. Distention of the renal 
pelvis on one side caused inhibition of flow of urine and vasoconstric- 
tion of the vessels of the opposite kidney which was manifested by 
reduction in volume of the kidney. This reduction in volume can be 
magnified if a diuretic such as dextrose is injected immediately before 
the distention of the renal pelvis. During urination, urine did not flow 
from the ureters, apparently a protective mechanism to prevent back 
pressure on the kidney. 

Farrell concluded that many of the impulses arising from the 
afferent nerves to the bladder traverse the pelvic nerve. Most of the 
efferent fibers in the splanchnic nerve to the kidney are probably vaso- 
motor. A reflex relation exists between the bladder and kidneys. When 
the bladder is distended, the flow of urine is diminished, probably a 
protective mechanism to prevent pressure within the renal pelvis. In 
clinical cases of retention of urine, when the bladder is chronically dis- 
tended, this reflex apparently is destroyed, since in many such cases 

54. Farrell, J. L; A Study of Vesicorenal Reflexes and of the Possibility of 
a Renorenal Reflex, J. Urol. 25:487 (May) 1931. 
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hydro-ureter and hydronephrosis develop. Clinically, reflex inhibition 
of secretion of urine has beeen observed following operations on the 
kidney and others organs, and experimentally, distention of one renal 
pelvis produces pain, decrease in the blood pressure and inhibition of 
the flow of urine on the opposite side. Although it is probable that 
this inhibition is the result of vasomotor changes within the kidney, it 
is possible to influence the urinary secretion of one kidney by distend- 
ing the pelvis of the opposite kidney. If this interpretation is correct, 
it would serve to substantiate the existence of a renorenal reflex. 

Wharton and Hughson reported two cases of persistent and 
severe ureteral pain. The patients were definitely relieved at first by 
ureteral dilatation. When this failed to give relief from pain, ureteral 
denervation accomplished complete cure in both cases. One patient 
has been well for almost six years, the other for three and a half years. 

The interpretation of the condition of the ureter was difficult. In 
no instance was there any obstruction to the passage of a number 8 
renal catheter. In all cases wax bulbs approximately 4 mm. in size 
hung on being withdrawn. In only one of the three ureters was there 
dilatation of hydronephrosis. The urine was sterile and clear. The 
condition did not indicate any intrinsic diminution of the caliber of the 
ureter and excluded organic ureteral obstruction and stricture, but 
seemed to signify a persistent state of spasticity. The fact that denerva- 
tion of the ureter cured the condition entirely apparently substantiates 
this. Denervation in these cases was not followed by evidence of 
ureteral or renal dysfunction. The marked decrease in the sensitive- 
ness of the ureter after denervation was shown by postoperative uro- 
logic study, 

[Ed. Note. — ^Again we meet the problem of pain referred to the 
urinary tract with little if any pathologic change demonstrable grossly. 
In this country urologists, after Hunner, have attempted to ascribe 
the underlying causes for the most part to ureteral sti'ictuie, ureteral 
kinks and similar conditions. Ureteral dilatation as a means of 
although never uniformly accepted or popular, has held and still ho s 
a prominent place in treatment. 

During the last five years a newer concept of neuromotor d 3 '^sfunc 
tion as a cause of painful hydronephrosis, of peristent renal and uretera 
spasms and of so-called nephritis dolorosa, has become prominen . 
Denervation procedures such as those of Legueu and Papin have ee 
reported with variable results. The reports of Harris and arris, an 
Wharton and Hughson reflect the influence of this application of neur - 
exeresis to urologic conditions, 

55. Wharton, L. R., and Hughson, Walter: Denervation of the Ureter, J. 
Urol. 25:145 (Feb.) 1931. 
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Much controversial opinion exists, especially among the more con- 
servative observers, with regard to the significance of minor changes 
from the normal in interpreting urograms. Thus the slight clubbing 
of single calices, hyperperistalsis of the ureter and pelvis, slight pyelec- 
tasis and ureteral dilatations are frequently considered within the range 
of normal, especially in the absence of stone or infection. 

The fact remains that frequently persistent disabling pain referable 
to the kidney and ureter is observed, and ureteral dilatation often gives 
relief for a time at least. However, some conditions are resistant, and 
in these the principles of neurosurgical denervation may be applied 
with some prospect of relief as Wharton and Hughson have outlined.] 

Papin stated that all denervation of the ureter follows the blood 
supply. Following each vessel there is a plexus of nerves that comes 
to a different level in the ureter. As soon as they arrive at the ureter, 
the normal plexus communicates above and below. Both the arteries 
and the nerves anastomose and form this plexus. In order to denervate 
the ureter, it would be necessary to remove the nerve from each of 
the small arteries. 

Nerve Control. — Gurdjian®'^ stated that retention is the first mani- 
festation of urinary dysfunction in traumatic myelitis. Severe injury 
to the cord is not always associated with urinary dysfunction. The 
evolution of urinary disturbances in traumatic myelitis is usually: 

(1) retention, or retention with overflow; (2) a period of retention 
with active incontinence or retention alternating with voluntaiy urina- 
tion; (3) active incontinence or complete recovery of function, and 
(4) in cases with active incontinence with urinary infection, complete 
incontinence or constant dribbling may develop. The period of retention 
varied on the average from three to five weeks. Extreme distention of 
the bladder favors return of function or the production of automatic 
bladder. In a case of infected bladder with distention, the patient 
should be placed on continuous drainage or catheterized at frequent 
and regular intervals. Urinary antiseptics and mild irrigation of the 
bladder are also indicated. 

Learmonth considered the principal sources of nerves to the blad- 
der and posterior urethra. These are mainly the presacral nerve, the 
pelvic nerve and the pudic nerve. The presacral nerve contains fibers 
that are: (1) inhibitory to the expulsive muscles of the bladder; 

(2) motor to the muscle around the ureterovesical orifices; (3) motor 
to the muscle of the trigone; (4) motor to the internal sphincter; 

56. Papin, E. : Discussion, J. Urol. 25:181 (Feb.) 1931. 

57. Gurdjian, E. S. : Urinary Tract Manifestations in Traumatic Myelitis Am 
J. Surg. 12:112 (April) 1931. 

58. Learmonth, J. R. ; The Nerves of the Urinary Bladder in the Human Being 
Proc. Staff Meet., Jlayo Clinic 6:182 (March 25) 1931. ^ 
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(5) motor to the smooth muscle of the prostate gland; (6) motor to 
the smooth muscle of the seminal vesicles and ejaculatory ducts; 
(7) afferent, conveying impressions of distention of the bladder; (8) 
afferent, conveying impressions of pain on spasmodic contraction of 
the bladder, and (9) vasoconstrictor to the vessels of the bladder. The 
pelvic nerves contain fibers that are: (1) motor to the expulsive muscles 
of the bladder; (2) inhibitory to the internal sphincter; (3) afferent, 
for the micturition reflex, and (4) afferent, for tactile and painful 
impulses from the bladder, and, at least in part, from the posterior 
urethra. The pudic nerve is said to supply some sensory fibers to the 
posterior urethra ; it provides motor nerves for the external sphincter. 
Apparently integrity of the pelvic nerves alone is essential for the act 
of micturition. 

[Ed, Note. — Section of the nerve, stimulated by the work of 
Hunter and Royle, has been done for a variety of neurospastic conditions 
during the last decade. Learmonth’s anatomic study following up the 
work of Laux and Latarget with regard to the innervation of the bladder 
is timely and promising. By sectioning the presacral nerve in certain 
types of paralysis of the bladder, the function of micturition of the 
pelvic nerves (these being intact) has been reestablished in a few 
instances. Although this work is still in the developmental stage, the 
initial results are encouraging and seem to make the procedure worthy 
of further clinical trial in the hands of the trained, conservative neuro- 
surgeon.] 

SURGERY OF THE GENITO-URINARY SYSTEM 

Walters reported that in 1930 at the Mayo Clinic, 1,247 operations 
were performed on the urinary tract. Three hundred eleven operations 
were performed on the kidney, with 10 deaths (3.2 per cent). Nephrec- 
tomy was done in 165 cases, 7 deaths occurring (4.2 per cent). 

There were 10 cases of hydronephrosis in which plastic operations 
were performed on the renal pelvis. Eight of these operations consisted 
of resection of the renal pelvis- or plastic operation on the obstructed 
ureteropelvic juncture. 

Of 137 operations for nephrolithiasis, pelviolithotomy or nephro- 
lithotomy with preservation of the kidney was performed in 95 cases, 
and nephrectomy was necessary in only 42. These 42 cases were 
mainly instances in which the renal parenchyma was largely destroyed 
or badly infected. Two deaths occurred following operations or 
nephrolithiasis, both the result of pyelonephritis. Seventy-seven patients 
were treated for ureterolithiasis. Ureterolithotomy was performe on 
50 of the 77 patients, with 2 deaths, 1 of which was due to pulinonar} 

59. Walters, Waltman ; Report of Urologic Surgery (Exclusive of Gynecologic 

Surgery) for 1930, Proc. Staff Meet, Mayo Clinic 6:98 (Feb. 18) I'JH- 
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embolism. In the remaining 27 ca.'sc.s llie stone was removed by manipu- 
lation through the cystoscope by means of ureteral catheters. 

Eight patients were o])cratocl on for exstrojdiy of the bladder or for 
complete epispadias and absence of the urinary sphincters, without 
deaths. In 7 of these cases both ureters were transplanted into the 
rectosigmoid, and the bladder was removed. It is noted that in /4 cases 
of exstrophy of the bladder, the ureters have been transplanted to the 
rectosigmoid, and the exstrojihied bladder has been removed at the 
Mayo Clinic in the last seventeen years. In this scries, 3 patients died 
from operation (4.2 per cent). In a recent study of these cases, it was 
found that approximately 81 per cent of patients have had good results 
from operation, and 14 per cent have had fair results. 

In a case of extensive malignant lesion of the bladder in which 
segmental resection could not be ])crformcd. the ureters were trans- 
planted into the sigmoid, and total cystectomy was successfully per- 
formed. The prostate gland was removed at the same time with total 
cystectomy. In one other case of contracted bladder, the result of 
healed lesions of tuberculosis, and in which one kidney had been 
removed, the patient recovered following transplantation’ of the ureter 
of the remaining kidney into the rectosigmoid. 

There were 292 ojicrations on the prostate gland, with a mortality 
rate of 6.5 per cent. Failure to recover was due to pyelonephritis in 9 
cases, bronchopneumonia in 4 and embolic pneumonia in 3, whereas 
postoperative hemorrhage, cardiac failure and pulmonary embolism 
each was the cause of 1 death. In this group of 292 cases prostatectomy 
was performed for carcinoma of the prostate gland in 11. In 59 cases 
in which the prostatic obstruction was confined to a median bar or 
contracted vesical neck, the obstruction was relieved by a transurethral 
punch operation. Prostatectomy was done for fibroadenomatous hyper- 
trophy in 222 cases. Suprapubic cystostomv was done in 230 cases; in 
163 it was preliminary to prostatectomy. In 37 cases cystostomy was 
done to relieve prostatic obstruction, the result of inoperable carcinoma 
of the prostate gland. In the remainder of the 230 cases cystostomy 
was done secondarily for conditions such as vesical and prostatic 
calculi, cord bladder, periurethral abscesses and fistulas. 

Sixty-three operations were performed on 52 patients with carci- 
noma of the bladder. In 18 of these cases the lesion was removed by 
segmental resection of the bladder. In 20 cases, after suprapubic 
exploration of the bladder, the lesion was removed by cautery or electro- 
coagulation, with insertion of radium at the same time in 7 of these. 
In 4 cases, cystotomy with insertion of radium was carried out alone. 
In 1 case already mentioned, successful cystectomy was performed after 
ui eterosigmoidal transplantation. There were 65 cases of vesical tumor 
in which, because of the size and nature of the tumors, the treatment 
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was electrocoagulation through the cystoscope. This necessitated a total 
of 115 treatments. Diverticulectomy was performed in 22 cases with 
1 death. 

Braasch stated that the field of cystpscopic manipulation and 
operation has been considerably developed. Fifty-nine punch opera- 
tions were done for prostatic disorders with only 1 death. The opera- 
tions were performed with a direct vision punch instrument, followed 
by the application of cautery to bleeding vessels to control the hema- 
turia. Obstructing portions of the prostate gland have been removed 
by means of the punch operation more generally in recent years. 
Approximately 25 per cent of the patients with prostatic obstruction 
observed at the Mayo Clinic are treated by this method. The operation 
is usually emploj-ed onl}^ if the obstruction is confined to the median 
lobe of the gland and to contraction of the vesical neck. 

Twenty-seven cases of stone in the ureter were reported, in which 
the stone was removed by cystoscopic manipulation. This does not 
include a number of cases in which small calculi were passed some 
time after ureteral catheterization. various manipulative measures 
successful removal of stones from the lower part of the ureter has been 
done in a high proportion of patients observed in the clinic. Many of 
the stones removed have been of considerable size. Surgical treatment 
for small stones in the ureterovesical region is seldom necessary. When 
the stone is situated above the lower third of the ureter it is usually 
inadvisable to attempt removal by manipulation; it is better to remove 
it by surgical operation. 

A considerable nuitiber of tumors of the bladder were treated by 
c 3 'Stoscopic or transurethral methods. The selection of tumors amen- 
able to such treatment is largely dependent on biopsy of specimens 
removed through the cystoscope. Approximately 25 per cent of tumors 
of the bladder observed were suitable to cystoscopic manipulation. 

TUMORS OF THE GENITO-URINARY TRACT 

Dean considered the early symptoms and diagnosis of carcinoma 
of the genito-urinary tract. Adenocarcinoma or hypernephroma, wnci 
is the most common malignant tumor of the kidney, is rarely discovere 
early. Hematuria is the initial symptom in about 85 per cent o tie 
cases, and may or may not be accompanied by pain. Othei syrnptom 
include pain in the region of the kidney, tumor, loss of Y^ij,it an 
strength and discomfort due to metastasis. Pyelography ai s 
in the diagnosis, since it shows filling defects in most cases as t le ,,ro 

60. Braasch, W. F. : Discussion, Proc. Staff Meet., Mayo Oinic 

^61. Dean, A. L.: Early Symptoms and Diagnosis of Cancer of the Genifo 
Urinary Organs, Am. J. Surg. 8;9S8 (May) 1930. 
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iiivnclGs the pelvis. Alctcislnsis occurs most ficcjuciillx in the hmjts, 
the long bones, especially of the lower extremities, and the bony pelvis. 

The usual symptoms of carcinoma of the bladder arc hematuria, 
urinary frequency and dysnria. Cy.sto^cojdc examination gives rlefinitc 
and detailed information concerning the condition. Papilloma, papil- 
lary carcinoma and Hat carcinoma present rather characteristic jiictures. 
Biopsy should be done to determine the type and degree of malignancy, 
and cystosco])ic examination .should be supplemented by cystngraiihy. 

Carcinoma of the prostate gland is not rare and should be con- 
sidered in the examination of all men of middle age who have urinary 
symptoms. The onset is insidious, the first symptoms usually being 
those of obstruction of the bladder. Frequency, difficulty in urination 
and dysnria arc common. Pain low in the bade or in the penis, peri- 
neum or rectum is usually due to a large congested tumor. Involve- 
ment of or pressure on the nerves of the pelvis may cause radiating 
pains along the thighs. Diagnosis is commonly made by rectal palpa- 
tion. The prostate gland is usually large, nodular, indurated and fixed. 
Roentgenograms should he taken of the lumbar portion of the spine, 
pelvis and femurs in search of metastasis. 

Teratoid tumors of the testis usually occur in men aged less than 
40 years. The first symptom is a painless swelling of the testes. Pal- 
pation discloses a testicular tumor, and examination with transmitted 
light reveals its solid nature, .At the upper limit of the swelling there 
is usually well defined demarcation. Teratoid tumors arc likely to be 
confused with gumma and tuberculosis. The former usually can be 
distingnished by a positive W'asscrmann reaction, and the latter by 
involvement of the epididymis, prostate gland and seminal vesicles. 
Abdominal metastatic nodules arc deeply situated, rounded, solid and 
immovable. Metastasis should also be sought in the lungs and medi- 
astinum. If other diagnostic measures arc inconclusive, the tumor may 
be subjected to an erythema dose of high-voltage roentgen rays directed 
toward the center of the mass. Unless the tumor is composed of radio- 
resistant adult tissues, rapid regression in size will establish the diag- 
nosis. 

The two types of carcinoma of the penis, papillary and flat, originate 
almost invariably beneath a tight, redundant prepuce or one seldom 
retracted and cleaned. A foul discharge is present in both types. In 
a series of 75 cases, the first symptom in 73 per cent was a small sore 
on the penis. In 9 per cent of the cases increased irritation was fol- 
lowed by the appearance of a small sore ; in 5 per cent paraphimosis 
was present, and in 5 per cent warts beneath a tight prepuce were first 
noticed. Occasionally the first sign of the disease is a hard nodule in 
the distal third of the penis. When retraction of the prepuce is impos- 
sible, a dorsal slit or lateral incision will be required for examination. 
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The final diagnosis must be made by histologic examination. Inguinal 
metastatic nodules may be distinguished from purely inflammatory 
nodules by greater induration and, in the later stages, by immobility. 

yVstraldi reported on the present status of treatment of tumors of 
the genito-urinary tract in some of the urologic clinics of Paris. In the 
service of Legueu, nephrectomy for carcinoma of the kidney is per- 
formed without resection of fat; enlarged lymph nodes are excised if 
found. Roentgen treatment is not employed, and radium treatment is 
considered impracticable. Ureteral papillomatosis is treated by nephrec- 
tomy and total resection of the ureter. In cases of malignant growths 
of the bladder total cystectomy is performed in two stages. The first 
stage is bilateral ureterostomy, and the second stage is incision of the 
bladder two months later. In the interval between operations deep 
roentgen treatment is employed if the general condition of the patient 
permits. The mortality is 50 per cent due to the poor condition of 
the patients rather than to shock. Partial cystectomy is performed if 
tumors are in the dome of the bladder. Electrocoagulation after cysto- 
tomy is a simple and safe procedure; the tumors always recur. The 
application of radium after cystotomy is of no value. Deep roentgen 
treatment gives relief from pain, urinary frequency and hematuria; unless 
the patient is resistant to irradiations, profound anemia will result. Meso- 
thorium is employed in cases beyond surgical aid. Because of the 
results obtained, Legueu recommends mesothorium in every case of 
neoplasm of the bladder, irrespective of what has been used or is to 
be used. 

In carcinoma of the prostate gland, Legueu does not resort to ’opera- 
tion, roentgen ra3fs or radium. Implantation of radium needles is 
emplo 3 ’ed in the treatment for penile carcinoma. Partial or total ampu- 
tation has been abandoned. Lymph nodes are not treated by roentgen 
rays, but are resected if enlarged. 

Chevassu performs nephrectomy for carcinoma of the kidney only 
if the tumor is small and if the renal pedicle is not invaded. In his 
series of 22 cases of nephrectomy for renal carcinoma 18 patients are 
still living about twelve years after operation. In cases of carcinoma 
of the prostate gland he uses radium. 

Papin treats carcinoma of the kidney by nephrectomy with total 
resection of the perirenal fat and lymph nodes of the hilus. A cure 
or at least prolongation of life is obtained in 25 per cent of cases. In 
carcinoma of the renal pelvis and ureters, the kidney, ureter, ureteia 
meatus and the corresponding half of the trigonum are lemove . 
Metastasis is infrequent, and the results obtained are good. Perinea 

62. Astraldi, Alejandro; Recuerdos Cientificos de Viaje, Rev. de especialid. 

742, 1930; abstr. in Am. J. Cancer 15:489 (Jan.) 1931. 
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prostiitcctoiiiv is done iii Ci'ist"' of cMicipstilntcd ciiicinoiiin of ihc j)ioslfilc 
gland. Tuinors tliat infill rati- hoyond the- capsule are treated by radium 
or roentgen ray.-^. 

.\xiTKi:si.s 

Eisendrath repo’ted 9 ca'^es of aiuiresis, and slated that tlierc are 
three types: secretory, obstructive aiu! transitional. 

The secretory type includes all cases in which there is a cessation 
of secretion as the result of disturbance either next to the kidney or 
within its i)arcnchynia. There are several classifications in this grouji. 
Under disturbances of circulation proximal to the kidney itself may be 
included vascular spasm of the main renal vessels, probably as the 
result of stimulation of the splanchnic nerves; anuria as a .symptom 
of hysteria; reflex inhibition of secretion as a result of peripheral irri- 
tation; embolism or thrombosis of the main renal vessels of both sides 
or of one side with reflex irritation of the opposite kidney; marked 
decrease in blood ]')re--sure as often seen in shock, and dehydration due 
to loss of large (juantitics of fluid. Under disturbances affecting the 
renal parenchyma mav be placed anurcsis complicating the various types 
of nephritis and nejihrosis. 

The obstructive type include'' unilateral block by calculus, stricture, 
injury or neoplasm, with the opposite kidney normal. .Anuresis in such 
cases is explained by reflex inhibition of the secretory activity of the 
opposite organ, a combination of obstructive and secretory anurcsis. 
Another variety of the obstructive type is unilateral block by calculus, 
stricture, injury or neoplasm with the complete loss of function or 
absence of the opposite kidney. There is also bilateral block by calculus 
and stricture. 

Among the transitional grouj) arc cases following transfusion, burns, 
infection with gas bacillus, poisoning b}’- potassium chlorate and black- 
water fever from malaria. The obstructive factor is in the form of 
blocking innumerable renal tubules by hemoglobin crystals and a result- 
ant interference with the secretory activity of the renal parenchjmia. 

In the treatment for anurcsis the type should be ascertained as soon 
as possible. The prognosis is not usually as favorable in the secre- 
tory type. The methods of treatment which may be employed are: 

1. Administration of large quantities of fluid by proctoclysis, hypo- 
dermoclysis, intravenous administration and by the duodenal tube. 

2. Nerve blocking, a comparatively recent method, depending on the 
ability to block the nerves that inhibit -renal secretion. 3. Decapsu- 
lation. Several cases in which treatment was successful have been 
reported. Decapsulation for nephrosis caused b}^ corrosive mercuric 
chloride has only been followed by one recovery in 23 cases reported. 


63. Eisendrath, D. N. : Anuria, J. Urol. 25:421 (.A.pril) 1931. 
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4. Ureteral catheterization. This offers the best outlook in cases of 
obstructive anuresis and should be given a trial for forty-eight hours 
but not longer. 5. Operative procedures. These depend somewhat on the 
experience of the individual operator and are employed in cases in which 
ureteral catheterizations, splanchnic block and other methods have 
failed ; some surgeons prefer nephrostomy, pyelostomy or ureterostomy, 
respectively, with removal of the calculus at the same time. 

CARCINOMA OF THE SINUS TRACT 

Watson®^ stated that continued irritation of urine discharging 
through sinus tracts from the kidney, ureter, bladder or urethra tends 
to stimulate hyperplasia, particularly at the epithelial boi'der, and to a 
lesser extent along the tract itself. 

Two cases are reported of primary carcinoma of a suprapubic sinus, 
each occurring man}’ years after a stricture of the urethra for which 
suprapubic cystotomy had been performed. One case was of traumatic 
origin, and the other of gonorrheal. In each case secondary infection 
had been present for several years. In one case excision, radium and 
deep roentgen rays were used, but the patient died of generalized 
carcinoma in three months. In the other case, in which radium implanta- 
tion and deep roentgen rays were used, the patient lived two years 
and died of uremia following an operation for hernia. There Avas no 
clinical or palpatory evidence of carcinoma. 

PYELOVENOUS BACKFLOW 

Fuchs found that in acute stasis and increased pressure of the 
renal pelvis of a rabbit, there is no back pressure into the tubules, but 
the urine is forced interstitiall}' into the venous system. 'V\'ith the 
occurrence of acute stasis and increased renal pressure, this interstitial 
infiltration soon decreases and finall}'' becomes less than the normal renal 
pressure. If the acute process becomes chronic, there is a corresponding 
change in the renal parenchyma. In this process the backflow changes 
from the venous system to the tubular. These observations are corre- 
lated to the problem of formation of early hydronephrosis in which 
there is a decrease in intrarenal pressure. Thus the preliminary condi- 
tions for the development of hydronephrosis are formed. Kidneys, 
such as those of dogs, which lack these phenomena and in which the 
lower pressure causes backflow into the tubules, become atrophied. 

64. Watson, E. M. : Sinus Tract Carcinoma, J. Urol. 25:469 (May) 1931. 

65. Fuchs, Felix : P 3 'eloven 6 ser Reflux und Hydronephrose : Eine 

ung uberF die Pathogenese der Sacknieren, Deutsche Ztsclir. f. Chir. 22 
(June) 1930. 
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lobes, 1041 

Bile, discharge of bile Into duodenum, experi- 
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retroperitoneal, report of cases, 055 
testis, 340 

Ulna, chronic subluxation of distal radio-ulnar 
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